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W e used a (hi mol a q u e o u s solution of t e t r a i n e t h y l a m m o n i u i n hyd rox ide 
(TMAH) a t r o o m t e m p e r a t u r e fo r t h e ex t r ac t ion of lulvic acid a n d h u m i c acid-elav 
mineral c o m p l e x e s f rom di f ferent soils, and peats . B y app ly ing T M A H for the ex t rac t ion 
could be o b t a i n e d t h e humic s u b s t a n c e s in a n o n d e g r a d a t i v e . na t ive f o r m and a nearlv 
q u a n t i t a t i v e a m o u n t . TMAH n e i t h e r degrades nor e v e n chemically modi f i e s the h u m i c 
subs tances . 
T h e f u l v i c acids were b o u n d to an Amber l i t e X A D - 8 resin. T h e h u m i c subs tances 
were resolved w i t h aqueous T M A H solution and reprec ip i t a t ed w i th hydroch lo r id acid, 
f inally resolved w i t h aqueous u r e a a n d T M A H so lu t ion and r ep rec ip i t a t ed for f u r t h e r 
pur i f ica t ion . T h e average mo lecu l a r mass of h u m i c subs tance was e x a m i n e d b y gcl-
e h r o m a t o g r a p h y and the s t r u c t u r e of humic ac id-e lay mineral c o m p l e x e s by IK ab-
sorpt ion spec t roscopy . 
By t h i s e x t r a c t i o n m e t h o d t h e humic acids c a n be obta ined in the i r na t ive fo rm, 
i.e. in o r g a n o m i n e r a l s . in such a p u r e s ta te t h a t it becomes possible t o examine t h e 
s t ruc tu re of t h e s e complexes b y I R absorp t ion spec t roscopy . S t u d y i n g t h e IR absorp-
tion spect ra we can obta in a p i c t u r e abou t the s t r u c t u r e , i.e. b ind ings of t h e organo-
mineral clay complexes to h u m i c subs tances wi th m e t a l ions which p l ays a very im-
p o r t a n t role in t h e fo rmat ion of soil s t ruc tu re . 
K e y w o r d s : c l ay -humus c o m p l e x e s , humic ac id , fu lv ic acid, t e t r a m e t h y l , a m m o -
nium h y d r o x i d e , IR-spec t ra 
Introduction 
The soil c l ay -humus complexes play au i m p o r t a n t role in forming the 
s t ruc tu re , and in t h e ferti l i ty of agr icul tura l soil, as well as in p rov id ing p lan t 
n u t r i e n t s (Stevenson, 1982; T h e n g , 1974, 1979). The analysis and physico-
chemical inves t igat ion of these c lay-humus complexes are d i f f icu l t , because 
d u r i n g their ex t r ac t ion , these s u b s t a n c e s are i r reversibly degraded to such an 
ex t en t t ha t it is no t possible to p r e p a r e them " p u r e l y " in the i r na tu r a l s ta te . 
The organic mater ia l of soils can pr imar i ly be divided i n t o living and 
dead organic subs tances . The l a t t e r cons t i tu te t h e following g roups : 
— new format ions (pr imary and secondary metabo l i t e s of soil microbes) . 
— non-humic subs tances (prote ins , ca rbohydra te s , waxes, etc.) 
— humic subs tances ( the relat ively s table and soil-characterist ic decay mater ia ls 
of the soil macro- and microorganism and t h e p lan t residues of soil). 
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Previous ly A c h a r d (1786), Saussu re (1804), Sprengel (1826), Berzelius 
(1839), Mulder (1860) a n d Hoppe-Seyler (1889) s tud ied the p r epa ra t i on and 
analysis of the organic h u m u s mate r ia l s of soil. T h e research work is ra ther 
dif f icul t , due to the g r e a t variety a n d he te rogene i ty of t h e organic m a t t e r of 
soil. E v e n in a re la t ive ly uniform a n d nar row f r a c t i o n of c lay-huinus com-
plexes t h e r e is little p robab i l i t y t h a t t w o complexes a re identical . 
A classical m e t h o d of separat ion of humic subs tances has been applied, 
based on discont inuous ext ract ion a n d f rac t ional prec ip i ta t ion of h u m i c acids 
worked o u t h y T j u r i n (1937). These processes are labor ious and t ime-consuming 
(exhaus t ive ex t rac t ions for 18-28 h o u r s and r epea t ed prec ip i ta t ion and fil-
t ra t ion) , t h e ex t rac t ion is not q u a n t i t a t i v e , f inal ly t h e humic subs tances are 
sub jec ted to a considerable and i rreversible degrada t ion . 
Severa l other mi ld ex t rac tan t s a re widespread in t h e scientific l i t e ra ture 
for the p roduc t ion of h u m i c substances (Mar t in-Reeve , 1955; Schni tzer -Wright , 
1957; E v a n s , 1959; Harg i t a i , 1961; Schni tzer -Skinner , 1968; K h a n , 1971; 
Laka tos e t al., 1977). T h e applied classical digestive agen t s such as sod ium and 
po tass ium, as well as a m m o n i u m h y d r o x i d e and specif ic organic e x t r a c t a n t s 
such as ace ty l b romide , pr imary, s e c o n d a r y and t e r t i a r y amines, e i ther lead 
to i r revers ible deg rada t i on of humic subs tances or chemical react ion w i th soil 
organic m a t t e r , t he re fo re , they do n o t resul t in a q u a n t i t a t i v e solubil izat ion 
of h u m i c acids. 
W e have e l abora t ed a mild chemica l ex t rac t ion m e t h o d for solubil izat ion 
of soil c l ay -humus complexes in their n a t u r a l fo rm wi th t e t r a m e t h y l a m i n o n i u m 
hydrox ide (TMAH) as a n ex t r ac t an t . Thus , it becomes possible t o examine 
the s t r u c t u r e of these n a t i v e soil c l ay minera l -mul t iva len t cat ion- l iumic acid 
complexes (Stevenson, 1982; Theng, 1974). 
Materials and methods 
W e can demons t r a t e t h e results o b t a i n e d b y our ex t r ac t ion method in t h e case of two 
types of soil and one of p e a t . 
Sample (a) meadow soil of Hosszúhá t ; to ta l o rgan ic mater ia l c o n t e n t : 3 .0 -3 .4%, c lay content : 
44 .5%, p H = 5 .2 -5 .4 ; 
(b) calcareous che rnozem soil of Nagyhörcsök ; to ta l organic material c o n t e n t : 3.0-
3 .1%, clay c o n t e n t : 23.1%, p H = 7 .9-8.0; 
(c) lowland pea t of I Jsz ta tómajor (Kesz the ly ) composed mainly by ca lc ium humate 
and mixtures of clay minerals, l i m e - m u d , shells a n d sands; to ta l o rganic material 
content 3 0 - 7 0 % , ash content: 2 8 - 4 3 % , pro te in c o n t e n t : 12.5%, p H = 7.8. 
I n ou r exper iments t h e average samples of soils and p e a t (50 g) were e x t r a c t e d with a 
1 : 1 m i x t u r e of me thano l -d ioxan in order t o r e m o v e b i t u m e n s , waxes , resins, f a t s , phospholi-
pids etc . a n d the t rea ted samples were dr ied i n a d ry ing b o x a t 105 °C to a c o n s t a n t weight 
for 16 h o u r s . After this d r y i n g we added a t e n f o l d weight 0.1 mol aqueous hydrochlor ic acid 
solution t o t he dried samples to solve the i r l imecoat ings a n d o t h e r acid soluble minera l con-
t amina t ions . This acidic suspension was k e p t a t r oom t e m p e r a t u r e for 24 hours w i t h occasional 
stirring. I n t h e beginning t h e p H value of t h e acidic suspension was p H = 1.0, which gradually 
rose. W e checked the p H v a l u e after 1, 2, 5 a n d 8 hours and acidif ied the suspension back to 
value p H = 1. After 8 h o u r s t h e p H value r e m a i n e d unchanged . 
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The solid s u b s t a n c e was s epa ra t ed b y centrifuging a n d washed w i t h distilled water 
(50 cm3) . 
W e added t o t h e washed samples (10 g) 0.1 mol a q u e o u s solution of T M A H (tetra-
m e t h y l a m m o n i u m h y d r o x i d e ) as chemical e x t r a d a n t in a q u a n t i t y of 100 c m 3 f o r each (1 g) 
g r a m of air-dried sample . W e kept the suspens ion at room t e m p e r a t u r e for 7 d a y s , occasionally 
s t i r r ing i t . 
Af t e r dissolution of the c l ay -humus complex, the s u p e r n a t a n t was s e p a r a t e d f rom the 
und iges ted solid res idue , t h e n was conc. hydrochlor ic acid so lu t ion added t o t h e superna tan t . 
T h e suspension was al lowed to s t and ove rn igh t for s ed imen ta t ion . The wel l -sedimenta ted 
c l a y - h u m u s complex f r ac t i ons were s e p a r a t e d by cen t r i fug ing f rom the acidic supe rna t an t , 
which also contains fu lv i c acids. For t h e sepa ra t ion of fulvic acids , the s u p e r n a t a n t was passed 
t h r o u g h a 6 0 x 2 cm c o l u m n of A m b e r l i t e - X A D 8-type res in a t a rate of 360 cm 3 /hour , t hen 
t h e resin was eluated b y a (9 : 1) solut ion of acetone — 0.1 mol hydrochloric ac id . The eluated 
so lu t ion was evapora t ed in vacuum a n d t h e wet fulvic ac ids were dried a b o v e phosphorous 
p e n t o x i d e in a des iccator . Finally t h e y w e r e weighed and ana ly sed . 
The c lay-humus complex f r ac t ion was washed ou t t h r e e t imes wi th 200 cm 3 0.1 mol 
hydrochlor ic acid so lu t ion , and for f u r t h e r purif icat ion it w a s repeatedly solved in 0.1 mol of 
an aqueous solution of T M A H , up to a v a l u e of p H = 7 - 8 . T h e solution was al lowed to s tand 
ove rn igh t for sed imen ta t ion , then it was cent r i fuged and f i l t e r e d , and f inal ly t h e superna tan t 
was acidified to p H = 1. T h u s we o b t a i n e d a suspension, w h i c h was allowed to s t a n d overnight 
for sedimenta t ion. T h e n i t was cen t r i fuged a n d washed wi th 0.1 mol hydrochlor ic acid. Finally 
t he washed c lay-humus complex was f reeze-dr ied and ana lysed . 
Fo r fu r ther pu r i f i ca t ion the r a w c lay-humus complex was t rea ted w i t h urea and a 
T M A H solution. An a q u e o u s solution of u r e a was added t o t h e raw subs tances (40 cm3 3 0 % 
solut ion to 1 g) w i t h c o n s t a n t s t i r r ing a n d t he pH value of suspension was ad ju s t ed with 
0.1 mol T M A H aqueous solution to p H = 7 - 8 . Then the m i x t u r e was allowed t o s tand over-
n i g h t in order to solve t h e c lay-humus complexes. The insoluble residue w a s separa ted b y 
cen t r i fug ing with J a n e t z k y K-70 t y p e cen t r i fuge at 15000 g. The fi l tered s u p e r n a t a n t was 
t r e a t e d wi th conc. hydrochlor ic acid a n d ad ju s t ed to p H = 1. The p rec ip i t a t ed clay-humus 
complex was cen t r i fuged , washed, f reeze-dr ied and k e p t over phosphorous pentoxide t o 
c o n s t a n t weight. 
Fo r comparison t h e digestion t r e a t m e n t of c lay-humus complexes was pe r fo rmed with 
0.1 mol sodium h y d r o x i d e solution. 
The infrared s p e c t r a of samples w e r e recorded using a Nicolet 7199 F T - I R absorption 
spec t ropho tomete r a t t h e resolution of 4 c m - 1 . 
We weighed 0.6 m g clay-humus complex samples, w h i c h were compressed into disks 
a f t e r being stirred fo r 3 min in a v i b r a t o r w i t h 250 mg K B r . 
The results of t h e u l t ima te analysis of fu lv ic acids are summar ized in 
T a b l e 1. The u l t i m a t e analyt ical d a t a and the y ie ld of c lay-humus complexes 
e x t r a c t e d with 0.1. mol TMAH a n d N a O H solut ion can be c o m p a r e d with the 
aid of da ta is Tab le 2. The yield was calculated fo r C % of soils. 
Results 
Table 1 
Ultimate analytical data of fulvic acids 
Fulvic acid 
sample 
0) с H N 
% 
(a) 
(b) 
(c) 
38.36 
36.85 
59.51 
5.96 1.01 31.2 
5.76 1.05 32.9 
6.07 1.85 — 
Acta Agronomica Hungarica 40, 1991 
6 I . B Ú Z Á S et al. 
Table 2 
Ultimate analytical data and the yield of clay-humus complexes extracted with 0.1 mo! 
TMAH and IS a 0 H solution 
(1) (2) 
с H N о с и . (3) 
ash 
о > 
yield ot 
clay-humuA 
complex 
о/ /0 
(a) TMAH 19.6« 2.80 2.91 0.85 56.80 6.5 
NaOH 18.10 2.61 1.62 0.51 57.94 5.4 
(b) TMAH 18.71 2.80 1.91 0.52 55.51 5.5 
NaOH 18.42 2.22 1.91 0.61 54.49 4.5 
( c ) TMAH 55.51 5.61 2.41 4.71 0.84 16.0 
NaOH 54.62 4.62 2.22 4.10 1.37 14.8 
* The yield was calculated for С °„ content of soils 
T h e average molecular mass of c lay-humus complex f r ac t i on extracted 
wi th T M A H was de te rmined by ge l - ch roma tog raphy (Table 3). 
T h e high ash con ten t (Table 2) and the re la t ive ly high molecular inas.--
va lues of soil c l a y - h u m u s complexes are in accordance with our earl ier expe-
riences (Sipos et al., 1974) and i n d i c a t e tha t t h e c lay-humus complexes still 
c o n t a i n con tamina t ions in a r a t h e r large quanti ty r , so these r a w substances 
were submi t t ed for f u r t h e r pur i f ica t ion processes. 
Table 3 
The average molecular mass of raw clay-humus complex extracted with TMAH solution 
(О 
Sample 
(2) 
Average molecular mass 
(in kD) 
(a) 7 . 3 0 0 
(b) 7 . 3 0 0 
(e) 9 . 0 0 0 
T h e t r e a t m e n t w i t h an aqueous solution of urea and resolubil izat ion with 
0.1 mol TMAH and reprecipi ta t ion w i t h hydrochlor ic acid resul ted in a fa i rh 
pure c lay-humus complex , with u l t i m a t e analyt ica l da ta in T a b l e 4. These 
c l a y - h u m u s complexes are suitable f o r I R absorpt ion s tudy . The I R absorpt ion 
spec t ra of these s amp le s can be seen in Figs 1 -3 . 
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Table 4 
Ultimate analytical data and yield of purified clay-humus complexes extracted ivtth 
TMAH 
N Y i e l d o f с | а У 
h u m u s complex 
о 
(a) 41.62 3.46 3.06 17.81 21.71 
(b) 37.52 3.70 3.31 20.14 21.52 
(c) 56.01 4.01 2.21 0.34 92.00 
The yield was calculated for С % content of raw humic acids (see in Table 2) 
Discuss ion 
C o m p a r i n g the u l t i m a t e ana ly t i ca l d a t a of T a b l e 2 and Table 4 , it can 
be s t a t e d t h a t the c l a y - h u m u s c o m p l e x f rac t ions o b t a i n e d with T M A H ex-
t r a c t i o n s h o w re la t ive ly l o w ash- and h i g h carbon c o n t e n t . E v a l u a t i n g t h e IK 
a b s o r p t i o n spect ra of o u r samples (F igs 1 - 3 ) and t r y i n g assignation of cha rac -
ter is t ic i n f r a r e d a b s o r p t i o n f requenc ies (Tab le 5), it r e n d e r s probable t h a t the 
c l a y - h u m u s complex f r a c t i o n s e x t r a c t e d w i t h T M A H a n d urea c o r r e s p o n d to 
t h e n a t i v e c l a y - h u m u s complexes . T h e mos t i m p o r t a n t I R a b s o r p t i o n b a n d s 
in the s p e c t r a (Figs 1 - 3 ) w h i c h lead t o t h i s conclusion a r e as follows ( T a b l e 5): 
1>(H. . . O H ) cha rac t e r i s t i c s t r e t c h i n g v i b r a t i o n s of h y d r o x i d e (OH) 
g r o u p s associated with h y d r o g e n bridge b o n d s 
' '(Car—H) c a r b o n - h y d r o g e n s t r e t ch ing v i b r a t i o n s in a r o m a t i c sys-
t e m and 
r(CH3) a n d (CH..) c a r b o n - h y d r o g e n a s y m m e t r i c a n d symmet r i c s t r e t c h i n g 
v i b r a t i o n s of m e t h y l and m e t h y l e n e groups 
The f i r s t v ( C = 0 ) c a r b o n y l s t r e t c h i n g v ib ra t ions of s a tu ra t ed a l i pha t i c 
c a r b o x y l i c acid d imers , n o n - c o n j u g a t e d k e t o n e s and 
c o n j u g a t e d e s t e r s , 
t he second r ( C = 0 ) a n t i s y m m e t r i c c a r b o n y l s t r e t c h i n g v ib ra t ion of car-
b o x y l a t e g roup of m e t a l - c a r b o x y l a t e and c a r b o n y l 
s t r e t c h i n g v i b r a t i o n of c o n j u g a t e d ketones. 
v(С
яг
- • -Car) ' n p l a n e a r o m a t i c C = C ring v i b r a t i o n s 
das(CH.,) a n d /?as(CH„) a n t i s y m m e t r i c d e f o r m a t i o n С — H vibra t ions of m e t h y l , 
m e t h y l e n e and m e t h o x y g r o u p s 
Final ly t h e \ erv i n t e n s i v e baud at 1030 c m 1 is m a i n l y originated f r o m S i -0 
J J J O 
s t r e t ch ing v ib ra t ion of ( h e c l ay -humus complexes . 
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Table 5 
Characteristic III absorption frequencies of purified clay-humus complex samples 
extracted with TMA H 
(1) 
Band maxima (cm - ') and intensity (T%) 
(a) sample (b) sample (c) sample 
-1 T "„ cm"1 T % c m " 1 T % 
3421.7 (55.7) 3424.7 (47.2) 3424.9 (38.2) e ( H . . O—H) 
3072.4 (68.7) 3072.1 (60.0) 3066.0 (59.0) " (C a r —H) 
3007.4 (70.2) 3004.7 (60.9) 3006.2 (62.3) 
2959.0 (65.9) 2959.0 (62.4) 2959.0 (58.2) 
2923.4 (66.3) 2924.2 (55.3) 2924.7 (62.5) i ' (CHj) and C(H,) 
2854.0 (70.0) 2853.9 (59.1) 2852.0 (62.5) 
1718.6 (58.8) 1718.4 (50.7) 1718.4 (48.8) r ( C = 0 ) 
1626.6 (53.8) 1623.8 (47.2) 1618.8 (46.9) r ( C = 0 ) 
— 1508.0 (71.6) — 1516 (63.3) 1512.5 (61.1) " ( C - C ) a r 
— 1466 (64.0) 1487.4 (65.3) < W C H a ) 
— 1458.0 (70.7) — 1444 (62.6) 1454.3 (61.1) ftts(CIL) 
1417.9 (69.3) 1415.8 (62.0) 1421.3 (61.1) r (C—C) ! r + /?(C a r—H) 
1388.6 (69.0) 1392.7 (61.9) 1389.8 (63.6) <5S(CH3): ft(CH.) 
1378.0 (68.9) 1377.7 (64.9) — 1378.0 (62.8) 
1368.0 (69.2) 1368.0 (62.06) — 1368.0 (62.4) 
— 1356.0 (62.0) 
1335.4 (69.9) 1334.8 (64.2) 1327.9 (60.0) i r ( C - C ) 
— 1260 (65.7) 1262 (52.6) 
1224.3 (64.3) 1231.7 (55.5) 1221.6 (49.9) Ы с о ) 
1163.4 (66.2) 
-
1173.2 (56.0) | S ( = C H ) 
1152.6 (66.2) — 1125 (61.0) 1126.2 (57.5) / ? ( = С Н ) + /(CO) 
—1090 (55.3) — 1090 (57.8) — 1090 (64.8) / ( C O ) + ß(COC) 
1031.5 (33.3) 1028.9 (38.0) 1036.2 (64.5) M S i - O ) 
Ш = С Н ) + /(CO) 
—914 (63.9) —914 (62) 948.9 (79.8) 
—872 (69.2) —872 (66.4) — 
846 (73.3) 831.3 (69.4) 835.1 (84.7) Z ( C a r — H ) 
797.3 (75.1) 797.8 (79.3) — 
770.8 (75.5) 768.8 (70.2) 768.2 (87.5) 
665.9 (74.8) 665.8 (70.6) 
521.7 (53.4) 521.1 (55.8) 593.7 (80.8) / ( О — H ) 
These resul ts are suppor ted b y our ea r l i e r IK abso rp t ion studies of 
humic acids ( L a k a t o s et al., 1977; Vinkler et al . , 1975). 
Summary 
We used a 0.1 mol aqueous solut ion of t e t r a m e t h y l a m m o n i u m h y d r o x i d e (TMAH) a t 
room t empera tu re for t h e extract ion of f u lv i c acid and c l ay -humus complexes f rom different 
soils, and pea ts . By a p p l y i n g TMAH for t h e extract ion we could obtain t h e h u m i c subs tances 
(2) 
Assignment 
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in a nondegrada t ive , nat ive f o r m and a nearly q u a n t i t a t i v e a m o u n t . In contrast w i t h ammo-
nium h y d r o x i d e and the p r i m a r y , secondary a n d t e r t i a r y a lky lamines , TMAH ne i the r degrades 
nor even chemica l ly modifies t h e humic subs t ances . 
The f u l v i c acids were b o u n d to an A m b e r l i t e XAD-8 resin. T h e clay-humus complexes 
were resolved wi th aqueous T M A H solution a n d reprecipi tated w i t h hydrochlorid a c i d , then 
finally reso lved with aqueous u r e a and T M A H solution and reprec ip i ta ted for f u r t h e r puri-
fication. T h e average molecular mass of c l a y - h u m u s complexes w e r e examined by ge l -chroma-
tography a n d t he s t ructure of clay-humus c o m p l e x e s by I R abso rp t i on spec t roscopy. From 
Table 2 it c a n be seen t h a t t h e r a w clay-humus complexes o b t a i n e d b y 0.1 mol T M A H extrac-
tion have lower ash and h i g h e r carbon and n i t r o g e n content t h a n the samples w h i c h were 
extracted w i t h 0.1 mol s o d i u m hydroxide. T h e re la t ive ly high a s h content and t h e molecular 
mass in T a b l e 3 refer to t h e presence of d i f f e r e n t contaminat ions . T h e analytical d a t a of the 
purified c l a y - h u m u s complexes can be seen in T a b l e 4. These p u r i f i e d clay-humus complexes 
are a l ready sui table for r eco rd ing IR a b s o r p t i o n spectra for s t r u c t u r e de t e rmina t ion (Figs 
1-3). The ass ignment of charac te r i s t i c IR a b s o r p t i o n frequencies of samples can b e f o u n d in 
Figs 1 -3 . 
By t h i s extraction m e t h o d the soil c l a y - h u m u s complexes can be ob ta ined in their 
native f o r m , i.e. in organominera ls , in such a n a t u r a l state t h a t i t becomes possible t o examine 
the s t r u c t u r e of these complexes by IR a b s o r p t i o n spectroscopy. S tudy ing the I R abso rp t ion 
spectra we c a n observe t h e s t r u c t u r e of c l a y - h u m u s complexes w h i c h play a v e r y i m p o r t a n t 
role in t h e f o r m a t i o n of soil. 
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E X T R A C T I O N A N D F R A C T I O N I N G O F SOIL 
H U M I C A C I D S BY E L E C T R O E L U T I O N 
G Y . M Á D Y , I . B u z Á s * , F . H A V A S I , Z . SÁNDOR and В . L A K A T O S 
CENTRAL RESEARCH INSTITUTE FOR CHEMISTRY OF T H E HUNGARIAN A C A D E M Y OF SCIENCES, 
BUDAPEST, » RESEARCH I N S T I T U T E FOR SOIL SCIENCE A N D AGROCHEMISTRY OF THE 
H U N G A R I A N ACADEMY OF SCIENCES, B U D A P E S T , HUNGARY 
(Rece ived : 8 th J u n e 1989; accep ted : 13 th October 1989) 
For t h e n o n - d e g r a d a t i v e ex t rac t ion of o rgan ic ma t t e r f r o m soils, peats a n d 
humic m a n u r e s an e lec t roe lu t ion a p p a r a t u s c o m b i n e d with m e m b r a n e sepa ra t i on 
e lectrodialysis h a s been c o n s t r u c t e d , by m e a n s of which in p r o p e r l y chosen a q u e o u s 
b u f f e r solut ions , a t room t e m p e r a t u r e , wi th t h e aid of a s u i t a b l e m e m b r a n e f i l t e r , 
f r ac t i ons su i t ab l e for analysis a n d s t ruc ture e x a m i n a t i o n can be o b t a i n e d with n e a r l y 
q u a n t i t a t i v e o u t p u t . The r o u t i n e var ia t ion of t h i s appa ra tu s is su i t ab le for q u i c k 
r o u t i n e ana lyses of a larger n u m b e r of the a b o v e samples. T h e p a p e r describes t h e 
use of the a p p a r a t u s , and c h a r a c t e r i z e s the in i t i a l samples wi th t h e h e l p of the o r g a n i c 
m a t t e r f r a c t i o n s ob ta ined b y t h e m e t h o d . 
Keywords : b rown fo r e s t soil, " B i o v e g e t a l " , " C o f u n a " , e l ec t roe lu t ion , e lectro-
dialysis, f u l v i c ac id , sandy soil, h u m i c acid, m e a d o w chernozem, m e a d o w soil, ac id 
sandsoil , f e n - p e a t 
Introduction 
In our previous paper ( B ú z á s et al., 1989) a mild e x t r a c t i o n of h u m i c 
acid-clay mineral complexes a n d humic subs t ances f rom a rab l e soils a n d 
pea t s wi th an aqueous solut ion of t e t r a -me thy l - ammon ium-hydrox ide w a s 
descr ibed. In th is work the e x t r a c t i o n of organominera l complexes and n a t i v e 
h u m i c acids b y a similar non-degrada t ive electroelution m e t h o d combined 
w i th m e m b r a n e separa t ion electrodialysis is discussed. 
The electroelut ion is a combina t ion of t w o separa t ion methods: t h e 
electrophoresis a n d t h e simple washing-off , i.e. e lut ion (Morris-Morris 1963). I n 
electrophoresis (ionophoresis) electr ical ly cha rged macromolecules , colloidal or 
coarse suspension part icles in a l iquid of h igh dielectric c o n s t a n t , under t h e 
inf luence of a homogenous electric f ield created b y direct c u r r e n t move t o w a r d s 
t h e electrodes (anaphores is or ca taphores is) . Separa t ion b y electrophoresis is 
general ly carried ou t in neu t ra l , mi ldly acidic or basic aqueous buf fe r solut ion 
a t room t e m p e r a t u r e , with low ion intensi ty , in t h e course of cooling. Besides 
th i s so-called free e lectrophoresis carried out in l iquids electrodialysis and car -
rier electrophoresis are also used to avoid g rav i t a t ion convec t ions . In elec-
t rodialysis the anode and c a t h o d e chamber is separa ted b y a semipermeable 
m e m b r a n e . In carr ier e lectrophoresis the carr ier can be: paper , asbestos , co t ton -
cellulose, cellulose-acetate, g lass-dus t , glass b e a d , agargel, s t a r c h , syn the t i c 
resin, Polyacrylamide , silk, e tc . 
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Subs t ances sepa ra t ed by electrophoresis are s im p ly washed off t h e car-
rier — e lua t ed — into t h e aqueous bu f f e r solution. 
Since 1950 (Gordon e t al. 1950) electroelution h a s been widely used to 
separate biopolymers, s u c h as proteins, pro te in-meta l complexes, acidic poly-
saccharides, nucleic acids and their deg rada t i on p r o d u c t s for ana ly t ica l and 
p repara t ive purposes ( S m i t h 1980, Lee-Sinsheimer 1974, Allington 1978). After 
the electrophoresis t h e indiv idual f r a c t i o n s get i n to di f ferent p a r t s of the 
separa t ing gel. From t h e adequa te pieces of the gel lb«' macromolecules are 
of ten o b t a i n e d by electrodialysis ( R a y m o n d 1964, Zassenhaus et al. 1982, 
Jacobs-Clad 1986, An der L a n et al. 1983, Hashizume e t al . 1984). 
T h e r e is a p r e p a r a t i v e gel-electrophoresis m e t h o d iii which the macro-
molecules passing t h rough t h e separa t ing gel enter i n t o a liquid cu r r en t which 
cont inuous ly removes t h e m from the a p p a r a t u s , w h e r e b y the separa t ion and 
analysis of each molecule f rac t ion becomes possible ( M a n n - H u a n g 1969). The 
separat ion of the d i f f e ren t molecule f r a c t i o n s can also be solved b y electro-
dialysis fol lowing e lec t roelut ion (Morris-Morris 1963) using semipermeable 
m e m b r a n e s of different p o r e size. 
It b e c a m e known e v e n at the beg inn ing of the c e n t u r y tha t h u m i c acids 
ext rac ted f r o m soils and t h e humate ions in electric f ie ld move to t h e anode 
(Odéu 1912). Later it Avas found t h a t , w i th the except ion of alkali-metal- and 
alkal i -ear th metal h u m â t e s , the metal h u m â t e s also m o v e to the a n o d e . The 
reason is t h a t , while a lka l i -meta l - and alkali-earth m e t a l ions are l inked with 
the h u m a t e anions by ionic bond, o the r meta l ions a re l inked with t h e m by a 
s t rong complex bond (Kle i s t 1963). On t h e basis of t h e electrophoret ic phe-
nomenon observed v a r i o u s humus sepa ra t i on me thods h a v e been e l abora t ed : 
paper electrophoresis (F l a ig et al. 1975), Polyacry lamide gel-electrophoresis 
(Gonsalez—Flubert 1972, Klöcking 1973, Castagnola et al . 1978, 1979, Mora de 
Gonsalez 1981), electrofocussing m e t h o d (Cacco et al. 1974, Gjess ing-Gjerdahl 
1972), isotactophoresis (Curvet to et al . 1974, Curve t to -Or io l i 1982, Oriol i-
Curvet to 1980), e lectrodialysis (Desai 1980, Dormaar 1967, Löddesöl 1932). 
By the he lp of these m e t h o d s , f rac t ions of different e lectrophoret ic mobi l i ty 
could be sepa ra ted : fu lv ic acid, h imatomel ic acid, b r o w n and grey h u m i c acid. 
However , t h e highly he te rogeneous n a t u r e of humic subs tances m a d e t h e use 
of e lect roseparat ion m e t h o d s for the separa t ion of h u m i c substances v e r y dif-
f icult . T h u s , Thornton (1975) queried u t i l i t y of isoelectr ic focussing a n d iso-
tacophoresis . Owing to t h e high sensi t iv i ty and he t e rogen i ty of humic subs tan-
ces the newer methods l ike affini ty electrophoresis (Andrews 1988) or electro-
u l t r a f i l t r a t ion (Németh 1976) are also unsu i tab le for t h e extract ion a n d separa-
tion of t h e humus c o m p o u n d s of soil in nativ e form. 
To e x t r a c t the soil h u m i c acids in nativ e form a n d separate t h e m a new 
method w a s elaborated b y combining electroelution a n d electrodialysis. 
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Materials and methods 
The following samples were ana lysed : 
(a) Acidic sandsoil from Nyir lugos 
(b) Brown fo res t soil f rom Kesz the ly 
(c) Brown fo re s t soil f rom P u t n o k 
(d) Chernozem f r o m Kompol t 
(e) Chernozem f r o m Mezőhegyes 
( f ) Chernozem f r o m Nagyhörcsök 
(g) Meadow chernozem from Mosonmagyaróvár 
(h) Meadow soil f r om Hosszúhá t 
(i) Meadow soil f r om Iregszemcse 
( j ) Calciferous sand soil f rom K e c s k e m é t 
(к) Fen p e a t f r o m Keszthely 
(1) B I O - V E G E T A L " h u m u s m a n u r e " from Tersanpugl ia , Italy ( 8 5 % olive seed-cake, m a r c 
of grapes, s t r aw , sugar-beet slices, leaves, 1 5 % inoculum) 
(in) CO LUNA " h u m u s m a n u r e " f r o m the B a d a c s o n y State F a r m , Aszófő (70% m a r c of 
grapes, 2 0 % poul t ry m a n u r e , 1 0 % inoculum) 
(n) Calcareous sandsoil from Ő r b o t t y á n 
The organic m a t t e r con ten t of t h e samples w a s determined b y t h e Chromate m e t h o d 
(MSZ 21470/5283, MSZ-08-0210-77, MSZ-08-0452-80). B y this m e t h o d t h e organic m a t t e r 
conta ined in t he soil sample is ox id ized with a known q u a n t i t y of s u r p l u s K2Cr.,0-, t hen t h e 
K X r , 0 7 in excess is t i t r imetr ical ly — and the Chromate ions p roduced are colorimetricalK 
de te rmined . The m e t h o d was ca l i b r a t ed with glucose. I n this way, t h e combined amount of 
all oxidizable ma t e r i a l present in t h e soil is obtained. 
The organic m a t t e r content w a s determined as fol lows: 
0.05-0.2 g g round air-drv s a m p l e passed t h r o u g h a sieve of 0.5 m m mesh was measu red 
into a t es t - tube a n d suspended w i th 0.3 cm 3 of disti l led water . From t h e soil extracts, 1 cm ' 
was measured i n to t h e test- tube, a n d a distilled water so lu t ion of 1 cm 3 1/6 mol/dm 3 po ta s s ium 
d ich romate and 2.0 cm 3 concen t ra ted sulphuric acid were added. The so lu t ion was ca re fu l ly 
shaken , and hea ted a t 120 °C in a t e s t - t u b e t he rmos t a t f o r 20 minutes . W h e n cooled, i t was 
di luted with 10 c m 3 of distilled w a t e r (when analysing soil ext racts d i lu t ion was not pe r fo rmed) 
and the concen t ra t ion of the c h r o m i u m (Il l)-ions w a s photometr ica l ly determined wi th a 
Spek t romom 202 a p p a r a t u s at A = 590 nm wave leng th . For the p r e p a r a t i o n of the ca l ib-
r a t i on curve 2.75 g crystalline glucose (C6H,„06- I L O ) was dissolved in 1000 cm3 of dis t i l led 
w a t e r and f rom t h i s various q u a n t i t i e s were measured 1 cm 3 of the so lu t ion prepared so co r -
responds to 0.01 g С or to 0.0171 g of organic m a t t e r ; t h a t is, humus. 
As a measu re of the humif ica t ion of humic s u b s t a n c e s dissolved in t h e soil extracts t h e g 
colour quot ien t , t h e e x t i n c t i o n quotient was u s e d (Welte 1955). T h i s value decreases 
665 
wi th the increase of t h e ra te of h u m i f i c a t i o n , i.e. condensa t ion , and w i t h t h e increase of t h e 
molecular weight (Schni tzer -Khan 1972, Stevenson 1982, Aiken et al. 1985). The value of Q is 
6 .0-8 .5 for fulvic ac ids , 5.0-5.5 for b r o w n humic acids a n d 2.2-2.8 for g rey h u m i c acids; 5.0 fo r 
podzolic soils, 3 .0 -3 .5 for chernozems, a n d roughly 3 .5 for grey fores t soils. Measurements 
were carried out in a 0.1 mol/dm3 s o d i u m - p y r o p h o s p h a t e and 0.07 m o l / d m 3 phosphoric acid 
bu f fe r solution of p H 7.0. The va lues ob ta ined were h igher t h a n what we s h o u l d have ob ta ined 
in a 10 cm 3 0.05 mo l /dm 3 aqueous solut ion of sod ium hydroca rbona te according to Chen , 
Senezi and Schni tzer (1977) (see T a b l e 1). 
For the sake of comparison w i t h t h e electroelution ( E E ) method w h i c h лее e labora ted , 
th ree different ex t r ac t i ve s were used fo r t h e extraction of t h e humic s u b s t a n c e s of the samples : 
0.1 mol /dm 3 sodium-hydroxide ( p H — 13; method I ) , 0.1 mol/dm3 sod iu in -py rophospha t e 
( p H = i 0 ; me thod I I ) and 0.1 m o l / d m 3 sod ium-pyrophospha te and 0.07 mo l /dm 3 phosphor ic 
acid buf fe r ( p H = 7.0; method I I I ) . T h e electroelution ex t rac t ion was a lso carried out iri t h e 
above sodium pyrophospha te -phosp l io r i c acid buffer of p l l 7 (Table 1). 
Considering t h a t the q u a n t i t y of t h e sample to b e measured was v e r y small, the e x t e n t 
of error or iginat ing f r o m the i nhomogene i t y of the s a m p l e was examined . F rom samples of 
1000 g collected considering the ru le s of field sampling a n d prepared as prescr ibed, 3 x 5 0 g 
sample par ts were t a k e n out and g r o u n d fu r the r using a n electric grinder. F r o m the 50 g p a r t s 
0.2 g was weighed in each case. The a v e r a g e values of t h e measuring resu l t s a n d the m a x i m u m 
a n d m i n i m u m dev ia t ions f rom t h e m a r e shown in Table 1. I t can be e s t ab l i shed from Table 1 
t h a t a represen ta t ive soil sample c a n b e well character ized by the me thod described. 
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Description of the electroelution apparatus developed for research purposes 
The electroelut ion-electrodialysis a p p a r a t u s su i tab le f o r the non-degrada-
tive e x t r a c t i o n of organic m a t e r i a l f rom soils, peats and ar t i f ic ia l p lant cu l tu re 
media, a n d fo r a scientific l eve l de t e rmina t ion of organic mate r ia l composi t ion 
(Mády et a l . 1984) consists of th ree main p a r t s (Fig. 1.): t h e anode c h a m b e r , t he 
Fig. 1. E lec t roe lu t ion a p p a r a t u s for research purposes (1) a n o d e chamber , (2) cove r pla te , 
(3) lower e n t r a n c e branch, (4) u p p e r outlet b r a n c h , (5) P t - e l ec t rode , (6) glass cool ing pipe, 
(7) r im, (8) ca thode chamber , (9) cover p la te , (10) lower en t r ance b ranch , (11) u p p e r outlet 
branch, (12) Ag-electrode, (13) thin-walled p las t i c cooling pipe, (14) s amp le chamber , (15) pack-
ing plate , (16) cellophane l a y e r , (17) porous f i l t e r layer , (18) lower e lu t ion chamber , (19) cello-
phane l aye r , (20) upper e lu t ion chamber , (21) ce l lophane layer, (22) p l a s t i c screws, (23) en t rance 
branch, (24) t ransfer pipe, (25) ou t l e t branch, (26) special fi l ter l a y e r , (27) synthet ic screening 
cloth, (28) pack ing plate, (29) r im, (30) t h r o u g h - b o l t , (31) n u t , (32) plastic c l a m p i n g plate 
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ca thode c h a m b e r and t h e sample- and e l u t i o n chambers be tween t h e m . I n the 
anode c h a m b e r (1) there is t h e Pt -e lec t rode (5), the cooling of which is p r o v i d e d 
b y a glass cooling pipe (6). The P t -e lec t rode and the glass cooling p i p e are 
f ixed by t h e cover pla te (2) b y means of p l a s t i c screws (22). Through t h e lower 
en t rance b r a n c h of the a n o d e chamber (3) a buf fe r solut ion is in t roduced cont i -
nuously , wh ich leaves t h r o u g h the uppe r ou t l e t b ranch (4). To the b o t t o m of 
t h e anode c h a m b e r the u p p e r (20) and lower elution c h a m b e r s (18) are a t t a c h e d 
b y plast ic screws (22). Be tween the anode c h a m b e r and t h e u p p e r elut ion c h a m -
ber , as well as between t h e u p p e r and t h e lower elution chamber , a ce l lophane 
layer is p laced (21 and 19, resp.) . In the e l u t i o n chambers a buffer so lu t ion f low 
is genera ted t h r o u g h t h e en t r ance b r a n c h (23), the t r a n s f e r port (24) a n d the 
out le t b r a n c h (25). The Ag-electrode is p l aced in the c a t h o d e c h a m b e r (12); 
i t is cooled b y a th in-wal led plastic cool ing pipe (13). T h e Ag-electrode and 
t h e plast ic cooling pipe are f ixed to the c o v e r plate (9) b y plastic screws (22). 
At t h e b o t t o m of the " J " - s h a p e d c a t h o d e chamber t h e r e is a porous f i l te r 
bed (17) wh ich suppor ts a celophane m e m b r a n e (16). A b o v e the ce l lophane 
t h a t serves t o p reven t t h e f lowing of l i qu id , t h e sample chamber (14) is f i xed 
b y plast ic screws (22) w i th a packing p l a t e inserted. I n t h e cathode c h a m b e r 
t h rough t h e lower en t rance branch (10) b u f f e r solution is in t roduced which 
leaves t h r o u g h t h e upper ou t l e t branch (11). The soil s a m p l e is placed in the 
sample c h a m b e r , t hen t h e chamber is f i l l ed wi th buffer solut ion. I t is covered 
b y t h e special m e m b r a n e f i l t e r layer (26), a n d above i t t h e synthet ic sc reen ing 
cloth (27), t h e n t h e packing p la te (28) a re p laced . The m o u n t e d anode c h a m b e r 
is placed on to t h e moun ted ca thode c h a m b e r , then the r i m s (7, 29) are p ressed 
to each a n o t h e r by means of a th rough bo l t (30), a n u t (31) and a p las t ic 
c lamp p la t e (32), unti l comple te ly sealed. 
The special m e m b r a n e f i l ter layer ensures the s epa ra t i on of t h e h u m i c 
acids f r o m t h e larger organic and inorganic colloids. T h e humic acid f r a c t i o n 
to he e x a m i n e d is washed o u t of the e lu t i on chambers w i t h a buffer so lu t ion 
cur ren t pe rpend icu la r t o t h e direction of t h e electrophoresis , and g a t h e r e d 
for t h e pu rpose of analysis. 
How to use the electroelution apparatus developed for research purposes 
W h e n work ing wi th t h e appara tus t h e measuring s y s t e m shown in F i g . 2. 
was used wh ich contains t h e following u n i t s : electroelut ion appara tus ( I ) , re-
agent solut ion conta iner ( I I ) , mul t i channe l c h r o m a t o g r a p h y pump ( I I I ) , f rac-
tion collector (IV), electric supply uni t (Y), u l t r a - t h e r m o s t a t (VI). 
The electroelut ion a p p a r a t u s (Fig. 1.) is assembled as follows: t h e P t -
electrode (5) a n d the glass cooling pipe (6) a re placed in t h e anode c h a m b e r 
(1), t h e n f i x e d wi th the cover plate (2) a n d t h e plastic screws (22). To t h e bo t -
t o m of t h e anode chamber a cellophane l a y e r (21) is f i t t e d , the upper e lu t ion 
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Table I 
Comparison of the quantities of organic matters 
Quantity o f organic matter extractable bv various solvents 
mgC • g _ 1 soil; 
Sample 
Total organic 
matter content 
rng С g " 1 
1 
(1.1 M N a O H 
(pH = 13) 
34 hours 
mg С g " 1 
II 
0.1 M N a , P , 0 . 
(pH = 10)* 
34 hours 
mg С g - 1 
2 . 
a) Acidic sandsoil 
Nyírlugos 
b ) Broun forest s. 
Keszthely 
c) Broun forest g 
Putnok 
d) Chernozem 
Kompolt 
e) Chernozem 
Mezőhegyes 
f ) Chernozem 
Nagyhörcsök 
g) .Meadow chernozem 
Mosonmagyaróvár 
h) Meadow soil 
Hosszúhát 
i) Meadow soil 
Iregszemcse 
j) Calc. sandsoil 
Kecskeinét 
к) Fen peat 
Keszthely 
1) BIO-VEGETAL 
m ) C O F U N A 
3.62 
10.51 
13.65 
19.41 
27.46 
21.80 
10.91 
23.40 
17.73 
2.49 
304.9 
240.2 
336.5 
+ 0.23 
—0.18 
+ 0 . 1 7 
—0.09 
+ 0.25 
— 0 . 2 0 
+ 0.81 
—0.56 
+ 1.38 
—0.73 
+ 4.54 
—1.47 
+ 0.49 
—0.55 
+ 0.22 
—0.24 
+ 1.72 
—1.15 
+ 0.09 
—0.11 
0.285 
0.815 
1.877 
2.81." 
1.126 
1.021 
0.734 
1.915 
0.865 
0.521 
142.05 
23.50 
69.46 
з. 
+ 0.132 
—0.132 
0.093 
—0.130 
+ 0.146 
—0.189 
+ 0.079 
—0.097 
+ 0.291 
—0.294 
+ 0 . 2 9 6 
—0.290 
+ 0.146 
—0.142 
+ 0.202 
—0.192 
+ 0.077 
—0.038 
+ 0.041 
—0.049 
+ 0.096 
—0.190 
+ 1.17 
1.19 
+ 1.21 
—1.45 
i 1-0.023 
0.571 
1.869 
3.259 
5.129 
5.032 
3.505 
1.328 
5.020 
2.356 
0.302 
110.72 
26.17 
40.42 
—0.034 
+ 0.096 
—0.127 
+ 0.265 
—0.189 
+ 0.217 
—0.239 
+ 0.136 
—0.102 
+ 0.034 
—0.034 
+ 0.109 
—0.083 
+ 0.097 
— 0 . 1 6 2 
+ 0.027 
—0.021 
+ 0.083 
—0.075 
+ 1.42 
-1.42 
+ 0.69 
—0.62 
i n 
0.1 M Na,!>,(), 
0.07 VI H,PO, ' 
(pH = 7.0) 
3,5 hours 
mg С g - 1 
0.685 
1.009 
1.979 
2.807 
3.080 
2.270 
0.895 
2.480 
1.524 
0.396 
69.01 
16.44 
22.58 
+ 0.037 
—0.051 
+ 0.010 
—0.010 
+ 0.085 
—0.059 
+ 0.136 
—0.109 
+ 0.068 
—0.103 
+ 0.047 
—0.031 
+ 0.063 
— 0.084 
+ 0.068 
—0.071 
+ 0.050 
—0.046 
+ 0.077 
—0.066 
+ 0 . 2 7 
—0.27 
+ 0.12 
—0.23 
+ 0.18 
—0.16 
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extracted by various techniques 
Colour quotient (Q). quantity (mg С 'g""1) 
(0.1 M Na.P . ,0 , + 0.07 M H , P O , p l i = 7.0 buffer; 80 V; 3,5 hours 
Whatman GF/B fuller hinnie arid -t- fulvie acid Kalte cellophane filt. fulvie acid 
0 = 
5.52 
5.61 
ntg С • g - 1 
5.89 0.647 
5.61 1.839 
6.11 2.766 
5.49 3.984 
3.880 
5.65 3.508 
4.70 1.354 
5.05 3.310 
5.90 2.346 
0.301 
7.50 59.94 
7.66 15.12 
9.02 23.54 
+ 0.194 
—0.133 
+ 0 . 1 5 1 
—0.213 
+ 0.534 
— 0.135 
+ 0.658 
—0.538 
+ 0.272 
—0.169 
+ 0.376 
—0.219 
+ 0.193 
- - 0.237 
4 0.120 
0.080 
+ 0 . 1 4 2 
—0.103 
+ 0.008 
—0.007 
+ 5.39 
—4.46 
+ 0.99 
—0.72 
+ 2.07 
—0.76 
% to the 
amount 
ex traded by 
method III 
V
 E . „ 
mg С • g" 1 
94.58 
182.29 
139.82 
142.00 
125.73 
154.26 
151.28 
133.52 
154.01 
76.10 
86.85 
90.86 
104.25 
10.40 0.518 
11.81 0.9618 
17.38 1.486 
10.73 1.407 
14.48 1.715 
13.84 1.586 
10.66 0.855 
12.55 1.222 
14.16 1.232 
0.306 
9.68 28.62 
10.28 7.86 
12.07 9.78 
Humic acid/ 
fulvie acid 
ratio 
-0.227 
—0.138 
+ 0 . 1 7 1 
—0.127 
+ 0.109 
—0.162 
+ 0.095 
—0.114 
+ 0.337 
—0.227 
+ 0.321 
—0.090 
+ 0.144 
—0.147 
+ 0.178 
—0.176 
+ 0 . 2 9 3 
—0.183 
+ 0.143 
—0.101 
+ 2.74 
—0.84 
1-0.525 
—0.679 
+ 0.551 
0.303 
0.24 
0.893 
0.8613 
1.8313 
1.262 
1 .211 
0.583 
1.708 
0.904 
1.094 
0.923 
1.406 
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Fig. 2. Measur ing sys t em fo r the e lectroelut ion appa ra tus ( I ) electroelution a p p a r a t u s , ( I I ) rea-
gent so lu t ion container , ( I I I ) mul t ichannel ch roma tog raphy p u m p , (IV) f r a c t i o n collector, 
(V) e lec t r ic supply u n i t , (VI) u l t r a t h e r m o s t a t , (A) anode chamber , (B) c a t h o d e chamber, 
(C) specia l f i l ter layer, ( D , E , F) connec t ing silicone rubbe r p ipes , (H. I) connec t ing electric 
l ines , ( J ) cooling p ipe jo in ing the u l t r a t h e r m o s t a t 
c h a m b e r (20), and a second ce l lophane layer (19) a re placed on i t . F ina l ly the 
lower e lu t ion c h a m b e r (18) is p u t o n th is . The e lu t ion chambers (18, 20) are 
f ixed t o t h e anode c h a m b e r f l u id - t i gh t b y plastic screws (22). P r o p e r sealing is 
ensu red b y the ce l lophane layers (19, 21). The Ag-electrode (12) a n d t h e thin-
walled plast ic cooling pipe (13) are p l aced in the c a t h o d e c h a m b e r (8), then 
f ixed b y the cover p l a t e (9) and p l a s t i c screws (22). The cathode c h a m b e r is 
fi l led w i t h buffer so lu t ion up to t h e lower rim, t h e porous f i l te r l aye r (17) is 
p laced on t h e lower r i m of the c a t h o d e chamber , t h e n t h e cel lophane layer (16) 
and t h e packing p la t e (15) are pu t on i t . Care must be t a k e n t h a t b u b b l e s do not 
r e m a i n in the a p p a r a t u s as they d i s t u r b the measuremen t s . The s a m p l e cham-
ber (14) is placed on t h e packing p l a t e and fixed f lu id - t igh t by p la s t i c screws 
(22). T h e entrance b r a n c h e s (3, 10, 23) are connected with the mul t i channe l 
ch roma tog raph ic p u m p b y silicone r u b b e r pipes (D, E , F). By t h e he lp of this 
the a n o d e chamber , t h e cathode c h a m b e r as well as t h e lower- and u p p e r elution 
c h a m b e r s are filled bubble- f ree w i th t h e buffer so lu t ion . The out le t b r a n c h (25) 
is c o n n e c t e d with t h e fract ion co l lec tor by a sil icone rubber p ipe (G). The 
ch roma tog raph ic p u m p and the f r a c t i o n collector are adjus ted so t h a t 4 cm3 
buf fe r solut ion is col lected in each t e s t tube eve ry 15 minutes. 
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One g sample is measured i n t o a small measu r ing cup t h e n wet ted wi th 
100 pi reagent so lu t ion and lef t s t a n d i n g for 30 minu tes . Af te r 30 minutes t h e 
sample is washed quan t i t a t i ve ly i n t o the sample chamber , t h e n the special 
m e m b r a n e f i l te r l aye r (26), t he s y n t h e t i c screening cloth (27) a n d t h e packing 
p l a t e (28) are p laced on the c h a m b e r bubble-free. B y means of t h e r ims (7, 29), 
t h e t h roughbo l t (30), t he nut (31) and the p las t ic clamping p l a t e (32) t h e 
m o u n t e d anode c h a m b e r is f ixed t o t h e m o u n t e d ca thode c h a m b e r . 
T h e coolers (6, 13) are connec t ed with a MLV-2 u l t r a t h e r m o s t a t (VI) b y 
silicone rubber p ipes (J) . In t h e course of measur ing , the a p p a r a t u s is kept a t 
24 °C b y the t h e r m o s t a t . The e lec t rodes are connected by l ines (H, I) wi th 
a Labor -MIM t y p e stabilized electr ical source (V). When repea t ing t h e 
m e a s u r e m e n t on ly t h e anode- (1) a n d cathode c h a m b e r s (8) m u s t b e dismount-
ed, t h e sample c h a m b e r cleaned a n d t h e special m e m b r a n e f i l t e r (26) replaced. 
Description of the electroelution apparatus developed for routine analyses 
For the qu ick de te rmina t ion of free and w e a k l y bound h u m i c subs tance 
f r ac t ions , a rou t ine appa ra tus w a s developed which is sui table f o r examining 
severa l soil samples a t a t ime ( M á d y et al. 1987). 
I n the r o u t i n e electroelut ion appa ra tu s (Fig. 3.) s e p a r a t i n g tubes (1) 
( m a x i m u m 10) a re placed ver t ica l ly between t h e ca thode- (K) a n d the anode 
(A) chamber . B o t h chambers c o n t a i n the same bu f f e r solution ( p H = 7-10) . 
I n order to p r e v e n t the flowing of l iquid the b o t t o m s of the s epa ra t i ng tubes 
which sink into t h e anode c h a m b e r are sealed b y a porous f i l t e r p l a t e (2) wi th 
a cel lophane l aye r (3) placed on i t , which is f i x e d b y a r u b b e r r ing (4). The 
s e p a r a t i n g t ubes a re f i l l ed with an i ne r t carrier (5), e.g., quar tz , glass, plastic or 
s t a r ch powder , — which does n o t adsorb the h u m i c subs tances — suspended 
in t h e buf fe r so lu t ion filling o u t t h e electrode chambers . The u p p e r ends of 
t h e separa t ing t u b e s (1) are f ixed in plastic heads (6) by screws (7) and guard-
r ings (8). The u p p e r end of each sepa ra t ing t u b e in t h e plastic h e a d is covered 
w i t h a porous p l a t e (9). On t h e u p p e r surface of th is , the cont ro l led pore-size 
m e m b r a n e f i l te r l aye r (10) f ixed b y a plastic r ing (11) is p laced. T h e 0.1-0.2 g 
soil sample (S) suspended in t h e b u f f e r solution is filled in t h e cav i ty of t h e 
p las t ic ring. The suspended soil s a m p l e is covered b y the porous l aye r (12). T h e 
sepa ra t ing tubes conta in ing t h e s a m p l e are pu t in the holes (13) f o rmed at t h e 
b o t t o m of the c a t h o d e chamber , where they are f ixed and m a d e f lu id- t ight 
b y r u b b e r rings (14). 
W h e n t h e cu r r en t (40-100 V) is switched on, t h e anionic componen t s of 
t h e soil sample m o v e towards t h e anode . Pass ing th rough t h e f i l t e r (10) t h e y 
go in to the bu f fe r solution a m o n g t h e inert carr iers filling the s epa ra t ing t u b e . 
Separa t ion of t h e humic subs t ances takes 3 - 4 hour s . Work c a n be done wi th 
10 t u b e s s imul taneous ly . 
2 Acta Agronomica Hungarica 40, 1991 
2 2 G Y. MÁDY rt al. 
Fig. 3. R o u t i n e electroelut ion appara tus . (A) anode chamber , ( К ) cathode c h a m b e r , (S) soil 
sample, (1) separating t u b e , (2) porous f i l te r , (3) cellophane l aye r , (4) rubber r ing, (5) inert 
carrier, (6) plastic head, (7) screw, (8) insu la t ing ring, (9) p o r o u s fil ter bed, (10) controlled 
m e m b r a n e , ( l l ) plastic r i n g , (12) porous l ayer , (13) hole for t h e separat ing t u b e , (14) rubber 
insu la t ing ring, (15) glass feeding pipe, (16) r u b b e r plug 
A f t e r switching off the cu r ren t t h e separa t ing t ubes are r emoved f rom 
the a p p a r a t u s , then t a k i n g out the soil sample, t h e f i l te r layer (10) and the 
cel lophane layer (3) w h i c h prevents t h e flow of l iquid , t h e separa ted subs tances 
can be washed out of t h e inert carr iers present in t h e t u b e by f lowing buffer 
solut ion. 
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How to use the routine electroelution appuratus 
T h e c lamping screw (7), t h e n t h e packing r ing (8), are pu l led over the 
e m p t y separa t ing t u b e , and the l a t t e r is placed in t h e hole of the p las t ic head 
(6) so, t h a t its upper r im should be a t t h e same level where the l ower opening 
of the plast ic head is, t h e n the c l a m p i n g screw (7) is t ightened. I n t h e plastic 
head a thick-walled silicone rubber r i n g (11) is f i t t e d in which a smal l glass 
lube (15) is placed. T h r o u g h the glass t u b e inert f i l l ing material suspended in 
buffer solut ion is fed i n t o the s e p a r a t i n g tube by a p ipe t t e . The s u r p l u s buffer 
solution leaves t h r o u g h a porous f i l t e r layer (2) at t h e bo t tom of t h e separat ing 
t u b e . W h e n the s epa ra t ing tube has f i l led up with an iner t carrier a n d t h e surp-
lus has accumula ted in the feeding t u b e (15), the t u b e is closed w i t h a rubber 
plug (16) and left s t a n d i n g for a b o u t 2 hours in o rde r to compac t the inert 
carr ier . T h e n at the b o t t o m of the s epa ra t i ng t ube a cellophane l a y e r (3) prev-
en t ing t h e outf low of t h e liquid is p l aced bubble-free and fixed w i t h a rubber 
ring (4). F r o m the p las t ic head the f eed ing glass t u b e (15) and the sil icone rub-
ber r ing (11) are l i f ted out , and t h e super f luous i ne r t carrier is r emoved bv 
t h e help of a spa tu la . I n the cavi ty of t h e plastic h e a d some b u f f e r solution is 
p ipe t t ed , the porous f i l t e r plate (9) a n d t h e controlled pore-size m e m b r a n e layer 
(10) are placed, bubble - f ree then f ixed w i t h the aid of a silicone r u b b e r r ing (11). 
F r o m the cav i ty of the silicone rubbe r ring t h e superfluous b u f f e r solu-
t ion is r emoved and t h e previously measu red 0.1-0.2 g soil sample (S) is placed 
in it t h r o u g h a smal l funnel . Then t h e soil sample is wetted w i t h t h e buffer 
solut ion using a syr inge . The s e p a r a t i n g tubes conta in ing the soil samples 
p repared so are placed in the holes (13) formed in the bo t tom p l a t e of the 
ca thode chamber , t h e n the cavi ty of t h e silicone r u b b e r ring c o n t a i n i n g the 
sample in the s epa ra t ing tubes is ca re fu l ly filled w i t h buffer so lu t ion by the 
help of a syringe. T h e n it is covered bubble- f ree w i t h a porous f i l t e r layer (12). 
Fol lowing this the anode- and c a t h o d e chambers a re filled up w i t h b u f f e r solu-
t ion and the direct cu r ren t is swi tched on. Using 10 separat ing t u b e s , in case 
of 80 Y a current i n t ens i t y of 150-180 m A passes t h r o u g h the a p p a r a t u s (15-18 
m A/ tube , t h a t is 1.2 W hour). T h e electroelut ion is carried on f o r some 3.5 
hours , a n d dur ing th i s t ime the h u m i c acids f lowing out from t h e soil samples 
s ta in a b o u t t h r ee -qua r t e r s (9 cm in l eng th) of t h e separa t ing t u b e s yellowish 
b rown . T h e n the d i rec t current is sw i t ched off, t h e bu f fe r solution is removed 
f r o m t h e ca thode c h a m b e r and the sepa ra t ing t u b e s a re lifted out of the appa-
r a t u s . The covering porous layer (12) is r emoved , then the soil sample is 
washed out f rom t h e c a v i t y of the si l icone rubber r ing (11), with b u f f e r solution 
and t h e membrane (10) is removed w i t h a needle. T h e glass feeding t u b e (15), 
which is filled wi th b u f f e r solution a n d closed wi th a rubber plug (16) is placed 
in t h e cav i ty of the silicone ring. T h e cellophane l a y e r (3) p r e v e n t i n g the out-
f low of t h e liquid a t t h e bot tom of t h e separat ing t u b e is removed, a n d by pul-
l ing out t h e rubbe r p lug the flow of l iquid is s t a r t e d . 
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Fig. 4. Quant i ty of h u m i c substances e x t r a c t e d by e lec t roe lu t ion f rom meadow soil of Hosszú-
h á t , a s t h e function of t h e vol tage applied a n d the time of e lect roelut ion, wi th P ie rce cellophane 
f i l t e r a n d in citrate b u f f e r ( p H = 7.4). ( + ) 20 V, ( о ) 40 У , ( . ) 60 V, ( X ) 80 У , ( • ) 100 У, 
( • ) 120 V 
Fig. 5. Quant i ty of h u m i c substances e x t r a c t e d by e lec t roe lu t ion f rom meadow soil of Hosszú-
h á t as a function of t h e t ime of e lut ion, w i t h various m e m b r a n e filters u s e d (pH = 7.4). 
( ® ) Pierce cel lophane, ( л ) Kalle f i l ter , (о) Vogel E Ü F f i l t e r , ( + ) double W h a t m a n fil ter 
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The h u m i c acid con t a in ing buffer so lu t ion f lowing ou t f rom t h e s epa ra -
t ing tubes is collected in 10 cm3 vo lumet r i c flasks, a n d stock solut ions are 
prepared f r o m then for f u r t h e r analyses. 
Results 
The examina t ions pe r fo rmed wi th t h e e lectroelut ion appara tus , com-
bined w i th a membrane separa t ion t echn ique , are in f luenced by three p a r a m e -
ters : t he c u r r e n t used (its in tens i ty , vo l tage and act ion per iod) , the pe rmeab i l -
i ty of t h e m e m b r a n e f i l t e r applied and t h e composi t ion of the buffer . D u r i n g 
the measu remen t s descr ibed below the e lectroelut ion a p p a r a t u s developed for 
research pu rposes was u s e d . 
In F ig . 4 the ana ly t i ca l results of t h e meadow soil of Hosszúhát , — a soil 
difficult t o hand le f rom t h e po in t of view of measur ing t e c h n i q u e — are g iven . 
The organic mater ia l c o n t e n t of the soil s a m p l e was 3 . 4 % , a n d its clay c o n t e n t 
was 44 .5%. T h e high c lay con ten t is u n f a v o u r a b l e , because t h e membrane m a y 
be plugged in the course of measuring. Showing the measur ing-resul ts of t h e 
meadow soil of Hosszúhá t , a t t he same t i m e , we should l ike to prove t h a t t h e 
procedure c a n even be used in case of soils of high clay c o n t e n t . 
F i rs t t h e electric t e n s i o n to be appl ied was de t e rmined . For this a c i t r a t e 
buffer of 7.4 p H was used (0.1 mol ci tr ic acid was dissolved in 400 c m 3 of 
water , t h e p H value of 7 w a s ad jus ted b y 1 mole ca rbona te - f r ee sodium h y d r o -
xide. The p H of the so lu t ion diluted w i th distilled w a t e r t o 1000 cm3 b e c a m e 
7.4). As m e m b r a n e , t h e h igh, 5000-D molecular mass permeabi l i ty P ie rce 
dialysing m e m b r a n e was used . The cor re la t ion be tween electric tens ion a n d 
quan t i ty of separa ted o rgan ic mat te r was examined us ing 20, 40, 60, 80, 100 
and 120 Y vol tages (Fig. 4) . I t was f o u n d t h a t the q u a n t i t y of the s e p a r a t e d 
organic m a t t e r only b e c a m e significant u n d e r the in f luence of 100 and 120 V. 
We chose 100 V as the v o l t a g e to be app l ied , since wi th 120 V cooling w a s no 
more able t o coun te rba lance warming. As i t can be seen in Fig 4 a 3-3 ,5-hour 
electroelution is suff ic ient t o ext rac t the h u m i c subs tances . 
Af t e r t h e electric v o l t a g e and the t i m e of e lectroelut ion have b e e n de-
termined, t h e membrane f i l t e r is chosen. T h e m e m b r a n e f i l t e r has t h e t a s k of 
retaining t h e coarse soil pa r t i c les displaced b y the electric cur ren t , and f r a c t i o -
ning the h u m i c subs tances . I n the course of measur ing, t h e following m e m b r a n e 
filters were t r i ed out : t h e previously men t ioned Pierce 5000-D cellophane f i l t e r , 
a dialysing m e m b r a n e of a b o u t 5000-D molecular mass permeabi l i ty p r o d u c e d 
by Kalle, Vogel 's universa l EUF-f i l t e r of a b o u t 20000 D molecular mass per -
meabil i ty a n d W h a t m a n ' s highly pe rmeab le 1 )л pore-sized GF/C and G F / B 
glass " f i l t e r - p a p e r " (Fig. 5). The quan t i t y of t h e organic mater ia ls e x t r a c t e d is 
shown b y t h e ext inct ion measu red at 465 n m wave length (Laka tos et al . 1974). 
The ca l ibra t ion curve can be seen in Fig. 6. 
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Fig. 6. Corre la t ion between the concen t r a t ion of h u m i c substances a n d E 4 > e n n l i the e x t i n c t i o n 
measured a t 456 n m wavelength. ( I ) humic acid a n d ( I I ) fulvic acid s t a n d a r d ( L a k a t o s , В . 
e t al. 1974). ( w % ) weight percentage of t he aqueous so lu t ion 
The W h a t m a n fil ter showed low res i s t ance to mechan ica l stress, so i t 
h a d to be u s e d in a double l a y e r . The W h a t m a n glass f i l t e r -paper re ta ined on ly 
t h e clay pa r t i c l e s . The Kalle m e m b r a n e f i l t e r , on the o ther h a n d , lets t h r o u g h 
only the low molecular mass (below 5000 D) fulvic acids, a n d re ta ins t h e o t h e r 
organic c o m p o n e n t s (h imatomel ic acid, b r o w n and grey h u m i c acids). T h u s , 
b y the app l i ca t i on of the t w o kinds of f i l t e r (Kalle and W h a t m a n ) t h e fu lv ic 
acid and h u m i c acid con t en t s of the soil c a n be simply, non -deg rada t ive ly a n d 
quickly e x t r a c t e d and s e p a r a t e d . 
The t a s k of the bu f f e r used is to e n s u r e the p H corresponding t o t h e 
original c o n d i t i o n of the soil in the course of measuring, t h a t is, to c o m p e n s a t e 
for the c h a n g e of pH occurr ing during t h e electrophoresis. 
Dur ing t h e measuremen t s it was f o u n d t h a t the c i t r a t e buffer used was 
unable to coun te rba lance t h e change of p H d u r i n g the e lect roelut ion (pH = 1). 
Therefore, t h e higher buf fe r capaci ty c i t r a t e -Na 4 P 2 0 7 b u f f e r was used (0.05 
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mole Na^PoO, and 0.05 mole citric acid were dissolved in 400 cm3 of wa te r , the 
p H v a l u e of the solut ion was a d j u s t e d to 7 with 1 mole sodium hydrox ide 
solut ion, and it was d i lu ted to 1000 cm 3 . The pH va lue measured iu t h e diluted 
so lu t ion was 7.5. W h e n using such a buf fe r we did n o t f ind any measurable 
change of p H . 
I n order to improve the e x t r a c t a b i l i t y of t h e h u m i c subs tances carba-
mide was added to t h e c i t ra te-Na 4 P. ,0 7 buffer, as ca rbamide h a s a strong 
desagyrega t ing effect (0.05 mole c i t r ic acid, 0.05 mole Na 4 P 2 0 7 a n d 300 g 
c a r b a m i d e were dissolved in 400 c m 3 distilled wa te r , t h e pH of t h e solution 
was a d j u s t e d to 7 w i th 1 mole sod ium hydroxide so lu t ion , and it was diluted 
wi th distil led water t o 1000 cm3 , so t h e value of p H became 7.2. (Fig. 7) 
shows t h e quan t i t y of fulvic- and h u m i c acid, respect ively , ex t rac ted f r o m the 
m e a d o w soil of Hosszúhá t with t h e appl icat ion of a c i t ra te -sodium-pyrophos-
p h a t e - c a r b a m i d e bu f fe r . 
T h e clay conten t of the l ime-coa ted chernozem soil of TSagyhörcsök w as 
2 3 . 1 % , while its organic m a t t e r c o n t e n t determined b y Chromate m e t h o d was 
2 . 1 8 % . Witli the electroelut ion t e c h n i q u e at 100 V, in a c i t ra te-sodium-pvro-
p h o s p h a t e buffer a n d with the W h a t m a n filter appl ied , 16 1% organ ic mat ter 
could be ex t rac ted f r o m it in 160 m i n u t e s (Fig. 8). W i t h the s a m e voltage 
and b u f f e r used, f r o m the sandsoil of Orbo t tyán n e a r l y the t o t a l (0 91%) 
Fig. 7. Quant i t i es of fu lv ic acid (Kalle f i l t e r ) a n d humic acid -f- fu lv ic acid ( W h a t m a n filter) 
e x t r a c t e d b y electroelution f r o m meadow soil of Hosszúhát as t h e funct ion of t h e t ime of 
e lectroelut ion, in c i t r a te - sod ium-pyrophospha te -ca rbamide b u f f e r ( p H = 7.2) a t 100 У voltage. 
( + ) double W h a t m a n f i l ter , ( д ) Kalle f i l t e r 
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Fig. 8. Quantities of f u l v i c acid (Kal le f i l t e r ) and humic acid + fulvic acid (double W h a t m a n 
f i l t e r ) extracted b y electroelution f r o m lime-coated che rnozem soil of Nagyhörcsök as t h e 
f u n c t i o n of the t i m e of electroelution, in c i t ra te -sod ium-pyrophospha te b u f f e r (pH = 7.2) 
a t 100 V voltage. ( + ) d o u b l e W h a t m a n f i l t e r , ( л ) Kalle f i l t e r 
a m o u n t of organic m a t t e r could b e extracted in 75 minutes b y electroelution 
( F i g . 9). Thus, t h e sandsoil of O b r o t t y á n has a low humus c o n t e n t , but th is 
s m a l l quant i ty of organic m a t e r i a l is very easily mobilizable. 
With the m e t h o d descr ibed, non-degraded fulvic acid a n d humic acid 
f r a c t i o n s can be e x t r a c t e d f r o m t h e agricultural soils. W h e n subjec t ing t h e m 
t o chemical-, ana ly t ica l - , molar weight d i s t r ibu t ion- and s t r u c t u r a l ( infrared 
a b s o r p t i o n spec t rome t ry , e lec t ron-sp in resonance , magnet ic resonance, mass 
spec t romet ry ) examina t ions , a t r u e picture m a y be obta ined of the organic 
m a t e r i a l s present i n t h e soil. T h e s h a p e of the electroelut ion c u r v e provides d a t a 
a b o u t the s t reng th of clay minera l -organic m a t t e r bonds, and a b o u t the distri-
b u t i o n of these o rganominera l b o n d s by s t r e n g t h . 
With the r o u t i n e e lec t roelut ion appara tus 13, different samples , among 
t h e m two " h u m u s m a n u r e s " w e r e examined (Table 1). 
As it by can seen from T a b l e 1, with the electroelut ion m e t h o d almost t h e 
s a m e amount of organic m a t t e r c a n be e x t r a c t e d a t p H 7 as w i t h the highly 
e f f i c i en t , though somewha t d e g r a d i n g sod ium-pyrophospha te (me thod II) ex-
t r a c t i o n at p H 10. T h e amount of organic m a t t e r ex t rac tab le w i t h the sodium-
pyrophospha te -phosphor i c acid b u f f e r of p H 7 (me thod I I I ) essential ly incre-
ases under the i n f l u e n c e of e lec t r ic current in case of most of t h e samples, b u t 
i t is nearly the s a m e in the o ther cases , too. This c a n be well seen when the d a t a 
of co lumn (5) are compared to t h o s e of columns (7) and (8) in t h e table . 
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Fig. 9. Quant i t i e s of fulvic acid (Kal le filter) and h u m i c + fulvic acid (double W h a t m a n 
fil ter) ex t rac ted b y electroelution f r o m sandsoil of Ő r b o t t y á n as t he f u n c t i o n of the t i m e of 
electroelution, in c i t r a te - sod ium-pyrophospha te buf fe r ( p H = 7.4) a t 100 V voltage. (-)-) d o u b l e 
W h a t m a n filter, ( д ) Ka l l e f i l ter 
By t h e compar ison of t h e Q quotients i t can be es tabl ished t ha t the f u l v i c 
acids could ac tua l ly be s e p a r a t e d , because w h e n the Kal le f i l t e r was app l i ed 
Q-values h igher t h a n 10 were obtained which are charac ter i s t ic of the f u l v i c 
acids. 
Besides being simple, t h e great a d v a n t a g e of the electroelut ion m e t h o d 
over the ex t r ac t i on me thods is t h a t occasionally diff icul t f i l ter ing p r o b l e m s 
do not arise. Owing to f i l t e r ing problems t h e f i ne clay par t i c les often c a n n o t 
be perfect ly separa ted f r o m t h e extracts . W i t h the electroelut ion method, t h e 
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pure f r ac t ions having passed th rough the microf i l ters are ob t a ined . The appl ica-
tion of such f i ne filters wou ld he p rac t i ca l ly impossible without electric 
current . 
lu t h e ex t rac t ion m e t h o d s the s e p a r a t i o n of fulvie acid f rom huinic acids 
is carried o u t b y acidif icat ion. By a g r e e m e n t we call f u lv i e acids the organic 
ma t t e r f r a c t i o n which r e m a i n s in a q u e o u s solution even in aeidic ( p H = 
1-2) m e d i u m . ^ ith the electroelut ion t e c h n i q u e sepa ra t ion is really carr ied 
ou t by molecu la r mass a t p H 7 by the he lp of filters, so it means a f u r t h e r 
improvement t h a t the o rgan ic material is also in its n a t u r a l condit ion dur ing 
the whole p rocess of s epa ra t i on . The m o r e real humic acid-fulvic acid ra t ios 
t h u s ob ta ined are shown in co lumn (11) of Tab le 1. 
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E F F E C T O F P R O L O N G E D F E R M E N T A T I O N OF 
B I O G A S M A N U R E S ON T H E I R F E R T I L I Z I N G 
E F F I C I E N C Y 
M . M . E L - S H U N N A W I , S . A . E L - S H I M I a n d M . A . B A D A W I 
DEPT. OF SOIL SCI., MENUFIYA U N I V E R S I T Y , SH1B1N ELKOM A N D SOILS A N D W A T E R RES. 
I N S T I T U T E , G1ZA, EGYPT 
(Rece ived : 9 th M a r c h 1988: accep ted : 6 t h J u n e 1988) 
T h e i n f l uence of the f e r m e n t a t i o n period of biogas manure , d e r i v e d f rom two 
sources, n a m e l y , m i x t u r e of maize s t a l k s + c a t t l e d u n g and catt le d u n g only , on t h e 
nu t r i t i ona l s t a t u s of sandy soil a n d t h e growth of m a i z e p lants was s t u d i e d . 
A d v a n c i n g t h e m a t u r i t y of t h e biogas m a n u r e s , 50 th rough 135 d a y s , improved 
the nu t r i t i ona l proper t ies of t h e soil. O n the basis of p l a n t growth, the 9 5 - d a y f e rmen ta -
t ion period p r o v e d best to p r o d u c e proper lv m a t u r e m a n u r e f rom b o t h sources, l.ess 
m a t u r e a n d o v e r m a t u r e m a n u r e s were ob ta ined f r o m the 50- and 1 3 5 - d a y digest ion 
d u r a t i o n , r e spec t ive ly . Growth p a r a m e t e r s of t h e 6 0 - d a y old maize p l a n t s (dry weight 
and N P K c o n t e n t s of roots, shoo t s , and whole p l a n t s ) showed t h e i r h ighes t f igures 
with the 95 -day f e rmen ted m i x t u r e of maize s ta lks ca t t l e dug. 
Keywords : biogas, biogas m a n u r e s , fert i l izing eff iciency, inaizc. p l a n t growth. 
Introduction 
The recent energy crisis and the resul tant widespread fertilizer shortages, 
and their high prices, which make the i r use uneconomic for cer ta in crops, have 
forced developing countries to review the problem in order to m a k e the fullest 
use of indigenous resources. Hence , the possibil i ty of using t h e biological 
process of anaerobic digestion to reconcile the conflicting needs of both fuel 
and manure f rom the same sources (cattle dung and crop wastes) has stimu-
lated renewed worldwide interest in biogas plants . A biogas p lan t generates the 
combust ible gas methane through the fe rmenta t ion of organic wastes and 
refuse materials without impairing their manur ia l value (ЕЛО 1977). 
The role of manures in susta ining soil fer t i l i ty has long heeu well estab-
lished. Manures differ in their eff iciency as fertil izers according to their origin 
and processing techniques. Manure obtained f r o m a biogas plant is known to 
be rich in both macro- and micro-nutr ients (Sa th iana than 1975; i lo rn ick et al. 
1979; Abdel-Aziz et al. 1982). The Chinese scientists reported tha t biogas 
manures increased the crop yields by 17%. The application of effluent to 
whea t promoted tillering rates and t he number of spikelets over t hose obtained 
f rom ammonium chloride (FAO 1977). Leo (1976) found that biogas manure 
increased the crops of maize, rice, cot ton , and whea t by 28, 10, 24, 7, and 
12.7% respectively as compared t o t he applicat ion of unfer inented excreta. 
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Buren (1979) denoted t h a t maize, r a p e vegetable, a n d wheat yields increased 
by 28, 25, and 16% respect ively , w h e n biogas m a n u r e was used. A laa El-Din 
et al. (1984), in a comprehens ive w o r k , found t h a t biogas manure surpassed 
the t r a d i t i o n a l fer t i l izers and the e a r t h compost in increasing t h e yield of a 
n u m b e r of field and hor t i cu l tu ra l c rops . 
T h e present w o r k was u n d e r t a k e n to s tudy t h e fertilizing ef f ic iency of 
biogas m a n u r e s f e r m e n t e d for v a r y i n g periods, on t h e nut r i t ional s t a tu s of 
sandy soil and growth of maize p l a n t s . 
Materials a n d methods 
Maize stalks mixed w i t h 30-day s p e n t d u n g s lurry, as well as fresh ca t t l e dung , were 
used as r a w organic r e s idues . The spent d u n g s lurry, added t o t h e maize s ta lks , served as a 
bacterial s t a r t e r (seeding mate r ia l ) , and was der ived f rom c a t t l e dung diluted w i t h water to 
bring t h e t o t a l solids c o n t e n t to 8 -10%, t h e n introduced i n t o a household b iogas digester 
( S a t h i a n a t h a n 1975) and l e f t for 30 days. 
Maize stalks were c h o p p e d into small p ieces (3-5 cm), t h e n mixed with t h e d u n g slurry 
and w a t e r t o make a c o n s t a n t total solids c o n t e n t of 8 % . T h e f r e sh cattle d u n g was diluted 
with w a t e r t o bring the t o t a l solids content t o 8 % . These f e e d s t o c k s were i n t r o d u c e d into a 
Chinese- type biogas d iges te r (Hobson et al. 198Í) . This d iges te r with a f ixed d r u m , had a 
capaci ty of 200-L digest ion volume and 100-L unmovable gas space. The spen t s lu r ry repre-
sented 2 5 % of the digest ion volume, in the case of maize s ta lks . B a t c h f e rmen ta t i on techniques 
were fol lowed at 28-30 °C. 
Six digesters were a l loca ted for each o rgan ic residue. L i m e water was a d d e d a t a ra te 
of 2 % a t t i m e to c o m p e n s a t e for the e x p e c t e d drop in p H . Samples of the d iges ted ma t t e r 
were col lected from the f e r m e n t o r s at i n t e rva l s of 50, 95, and 135 days, according t o the ra te 
of biogas product ion; n a m e l y , af ter each of t h e active, s t eady , a n d decline phases . Analyt ical 
data of s u c h fermented r e s i d u e s are shown in Table 1 and t h e methods of ana lys is followed 
those C h a p m a n and P r a t t (1961). 
Tab le 1 
Elemental analysis of the biogas manures used as fertilizers 
Manures applied 
Fermen-
tation 
period 
(days) 
O.C* 
(%) 
T.N** 
(%) 
C/N 
ratio 
Soluble 
N 
(ppm) 
Soluble 
P 
(ppm) 
Soluble 
К 
(ppm) 
Fermented mixtures of: 
Maize stalks -f Cat t le d u n g 50 49.60 1.48 33.51 571 224 424 
Maize stalks + Cat t le d u n g 95 43.40 1.66 26.18 487 310 441 
Maize stalks -f- Cat t le d u n g 135 41.00 1.68 24.40 436 320 453 
Fe rmen ted Cattle dung o n l y 50 32.50 1.41 23.05 842 125 368 
Fe rmen ted Cattle dung o n l y 95 30.20 1.52 19.87 758 137 393 
Fe rmen ted Cattle dung o n l y 135 28.90 1.56 18.52 675 148 401 
* O.C = Organic carbon. 
** T.N = Tota l nitrogen. 
A greenhouse e x p e r i m e n t was carr ied o u t to eva lua te t h e fertilizing ef f ic iency of the 
organic res idues f e r m e n t e d for varying pe r iods . Sandy soil, collected f rom s o u t h e r n Tahreer 
Province (in Egypt) a n d h a v i n g the p r o p e r t i e s shown in T a b l e 2, was a m e n d e d with the 
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digested organic residues a t a r a t e of 40 kg N / f e d d a n * (W/W) a n d placed in e a r t h e n w a r e 
pots 5 kg each, in four repl icates . The soil analys is was run accord ing to Piper (1955). Af ter 
two weeks of manure addi t ion , t h e pots were p l a n t e d with f ive ma ize kernels (Zea mays). 
Upon emergence , p lants were t h i n n e d to th ree p e r po t . A second dose of the organic supple-
ments was added , af ter one m o n t h of the f i r s t appl ica t ion (15 d a y s a f t e r plant ing) a t a ra te 
of 20 kg N / f e d d a n . Super p h o s p h a t e was added, a t p lan t ing t ime a t a r a t e of 15 kg P , 0 5 / f e d d a n . 
The mois tu re con ten t of t he p o t t e d soil was ma in t a ined t h r o u g h o u t a t 60% of i t s wa te r -
holding capac i ty . The soil was analyzed for n u t r i e n t contents 60 a n d 75 days fo l lowing the 
f i r s t m a n u r e applicat ion. 
Some 60-day-old maize p l a n t s were dried a t 75 °C and s u b j e c t e d to the de t e rmina t ions 
of d ry we igh t a n d nut r ien t c o n t e n t s of the whole p lan t s , divided i n t o roots and shoots . 
A n u t r i e n t analysis in soil a n d plants was pe r fo rmed according t o t he methods descr ibed 
by C h a p m a n and P r a t t (1961), as follows: 
(a) To ta l nitrogen, b y Kjeldahl me thod . 
(b) Soluble nitrogen, b y micro-s team dis t i l la t ion, in a lkal ine medium using D i v a r d a 
alloy. 
(c) Avai lable phosphorus , colourimetr ical ly , in the 0.5 M N a H C 0 3 extract . 
(d) Avai lable po tass ium, f l ame-pho tomet r i ca l ly , in the a m m o n i u m aceta te e x t r a c t . 
All f igures reported here in are averages of duplicate d e t e r m i n a t i o n expressed on a 
mois ture- f ree basis . 
Table 2 
Physical and chemical properties of the sandy soil under consideration 
Physical properties Value Chemical properties Value 
Par t ic le f ract ion (%) : Organic mat ter ( % ) 0.36 
Coarse sand 40.44 T o t a l N ( % ) 0.09 
F ine sand 40.91 T o t a l P ( % ) 0.03 
Silt 5.00 C a C 0 3 ( % ) 4.51 
Clay 9.33 p H (1 : 2.5)* 8.10 
E.C.** (m mohs/cm) 0.59 
Tex tu re grade Sandy Soluble ions (meq/100 g): 
K + 0.04 
Water -hold ing capaci ty ( % ) 40.00 N a + 1.37 
Ca2 + 1 . 0 0 
M g 2 + 0.50 
H2CO^- 0.50 
C l - 0.25 
1.43 
* Soil-water suspension. 
** Electr ic conductivi ty. 
Results and discussion 
Nutrient status in soil 
Changes of nu t r i en t con ten t s in t h e sandy soil, a m e n d e d with t h e dif-
ferent b iogas manures , are displayed in Table 3. D a t a presented for con t ro l 
t r e a t m e n t revealed decreases in the e lementa l analysis of t h e soil by a d v a n c i n g 
* f e d d a n = 4200 m 2 in a rea a n d 1 X 106 kg in weight of t he d e p t h 0-15 cm. 
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t h e de te rmina t ion period. T h i s is, certainly, refer red to t h e p l a n t absorp t ion , 
a s well as to t h e loss in gaseous forms, pa r t i cu la r ly in the cases of carbon (as 
CO,) and n i t rogen (as NH3) . 
The app l ica t ion of the b iogas manures improved the nu t r i t iona l p roper -
t ies of the soil. T h e second es t imat ion d u r a t i o n showed a d iminut ion in t h e 
Table 3 
Nutrient status of the sandy soil amended with different biogas manures, at two different doses 
making 60 kg N/feddan 
Fermen- Organic Total Available Available Available 
tat ion carbon nitrogen nitrogen phosphorus potassium 
Manures applied period (PPml (РРШ) (PP m ) (PP™) <PPm) 
(dnye) A* B«» A в A в A в A в 
Control (no addi t ion) — 1600 1352 588 401 6.0 2.0 10.6 5.6 99 84 
Fe rmen ted mix tu re of: 
Maize stalks + Ca t t l e dung 50 5120 4580 630 472 23.1 19.3 26.3 23.2 162 146 
Maize stalks + Cat t le dung 95 4980 4366 612 460 25.3 20.1 38.1 31.2 225 172 
Maize stalks -+- Cat t le dung 135 4862 4108 583 456 15.4 6.0 39.4 33.4 246 211 
Fermented Cattle d u n g only 50 4090 3760 618 465 16.2 13.6 22.3 19.3 152 131 
Fermented Catt le dung only 95 4010 3644 577 447 22.5 18.4 27.5 21.5 178 145 
Fermented Cattle d u n g only 136 3912 3517 569 431 19.1 15.3 31.7 22.6 189 163 
* A = 60 days a f t e r the first app l ica t ion of manure (40 kg N/feddan). 
** В = 60 days a f t e r the second appl ica t ion of manure (20 kg N/feddan). Lapse between the two 
doses was 30 days . 
con t en t s of all nu t r i en t s e x a m i n e d . A pro longa t ion of the f e r m e n t a t i o n in t e rva l 
f o r the digester s tuf fs resu l ted , generally, in reducing the c o n t e n t s of o rgan ic 
ca rbon and soluble ni trogen, b u t those of soluble phosphorus and po tass ium 
increased (Table 2). This is a t t r i b u t e d to minera l iza t ion processes t h a t t o o k 
p lace t h r o u g h o u t t h e f e r m e n t a t i o n course of t h e feedstock mate r ia l s . Decreases 
in organic c a r b o n and soluble n i t rogen occur v ia evolution of CO, and p robab le 
volat i l izat ion of NH 3 , r espec t ive ly . An apprec iab le por t ion of N H 4 - N is as-
similated by m a n y groups of t h e f e rmen ta t ive bacteria as a main source of 
t l ie i r nitrogen ( B r y a n t 1974; McLnerney and B r y a n t 1981). Contents of t o t a l 
N (%), shown in Table 1, were developed w i th f e rmen ta t ion t i m e of the organic 
residues. This does not ind ica te any increase in the absolu te to t a l N a m o u n t , 
b u t in tha t r e la t ive to the o rgan ic mat te r as a whole. H o w e v e r , the e x t e n t 
of changes occurr ing within t h e interval 50-95 days of f e r m e n t a t i o n was h igher 
t h a n tha t w i th in t h e last i n t e r v a l (95-135 days ) . The reason is t ha t the diges-
t i o n of the r a w organic was tes leads to a v igorous produc t ion of both ca rbona-
ceous gases, CH 4 and CO, (composing biogas) , within t h e p r i m a r y stages of 
f e rmenta t ion . As the process proceeds, t h e g rowth rate a n d act ivi ty of t h e 
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responsible bacterial agen t s decline as a result of by -p roduc t accumula t ion . 
Hence, t h e ra te of n u t r i e n t s l iberat ion decreases. 
The nu t r i en t s posi t ion t ha t r e su l t ed from e x t e n d i n g the d iges t ion period 
of b iomass was ref lec ted in the en r i ched soil (Table 3). Otherwise, all of the 
measured elements showed decreases a t the second detection t i m e , due to 
the p lan t u p t a k e and gaseous losses (of С and N par t icular ly) . 
The fe rmented ca t t l e dung possessed a n a r r o w e r C/N ra t io , a higher 
soluble N, and lower avai lable P ami К cotents t h a n did the digested slurry of 
maize s ta lks -)- ca t t le d u n g mix tu re (Table 1). S u c h a s i tua t ion was also 
ref lected in the soil s t a t u s (Table 3). Nevertheless, it should he considered 
t h a t t h e na r row C/N r a t i o of the a n i m a l wastes encourages , when appl ied to 
I he soil, t h e decomposi t ion rate of b o t h nat ive a n d supp lemented organic 
compounds , resul t ing in a rapid l ibe ra t ion of high amoun t s of t h e mineral 
cons t i tuen t s . If the a m o u n t s of such available n u t r i e n t s exceed t h e needs of 
the growing plants , t h e y will he sub jec t ed to loss b y leaching and vola t i l iza t ion 
50 95 135 50 9 5 135 
Control Maize stalks + ca t t l e dung Cattle dung only 
Fermentation time, days 
Fig. 1. D r y we igh t of m a i z e p l an t s (60 d a y o ld ) grown in t h e s a n d y soil, as a f f e c t e d by dif-
fe ren t b iogas m a n u r e s f e r m e n t e d for v a r y i n g p e r i o d s and a p p l i e d a t a ra te of 60 k g N/ feddun 
For ins tance , when a m m o n i a is p r o d u c e d in g rea t amounts , f r o m N-ricli 
subs tances , it leads t o a t empora ry rise in soil pH, a n d a considerable q u a n t i t y 
of it will be volatil ized in to the a tmosphe re . In e i t h e r case, t h e biological 
sys tem of t h e soil, i.e., microbial i n h a b i t a n t s and growing p l a n t s , will he 
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Roots 
Shoots 
Whole Plants 
Control Ma ize s ta lks + cattle dung Catt le dung only 
Fermentation t ime, days 
Fig. 2. N P K C o n t e n t s i n maize p l a n t s ( 6 0 - d a y old) g r o w n i n t he s andy soil a m e n d e d w i t h 
d i f f e r e n t biogas m a n u r e s f e r m e n t e d fo r v a r y i n g periods a n d a p p l i e d a t a r a t e of 60 kg N / f e d d a n 
i n j u r e d . F u r t h e r m o r e , the has ty re lease of a m m o n i u m and its r a p i d oxidat ion 
to n i t r a t e by t h e n i t r i fy ing c o m m u n i t y , resul ts in the loosing of appreciable 
a m o u n t s of soil N b y the leaching of such soluble unadsorbable fo rms of t h e 
e l e m e n t . These consequences a re undesirable f r o m the s t a n d p o i n t s of b o t h 
a g r o n o m y and p u b l i c health (Alexander 1977). 
Growth of maize plants 
The dry w e i g h t of maize p l a n t s (60-day old) grown in t h e sandy soil 
a m e n d e d with b iogas manures is shown in Fig. 1. T h e organic add i t ions , gener-
al ly, enhanced t h e soil p roduc t iv i ty as is shown b y t h e augmen ted dry weights 
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of t h e whole ma ize plants . T h e 95-day f e r m e n t e d manure of e i t h e r source t e s t e d 
revealed the t o p figures, whe rea s the 135-day 50-day old m a n u r e s fol lowed 
respect ively. T h e uppermos t v a l u e was recorded for the t r e a t m e n t with 9 5 - d a y 
digested slurry of maize s ta lks -)- cattle d u n g mixtures . H o w e v e r , both 135-
and 50-day f e r m e n t e d ca t t le d u n g gave h i g h e r results t h a n did the co r re -
sponding ones of t h e mixture . P l a n t shoots showed higher we igh t s t h a n the r o o t s , 
and both organs exhibi ted a s imi lar trend to t h a t observed f o r t h e whole p l a n t s 
in response to t h e organic add i t i ve s used. W e i g h t differences between s h o o t s 
and roots in t h e t r e a t m e n t s w i t h the f e r m e n t e d mixture w e r e narrower t h a n 
those with the f e rmen ted d u n g only . 
The effect of the app l ica t ion of d i f fe ren t ly fermented b iogas manures t o 
t h e sandy soil on t h e nu t r i en t s con ten t of m a i z e plants (60-day old) is i l lus t ra -
t ed in Fig. 2. T h e various m a n u r i n g t r e a t m e n t s showed t h e same t r end f o r 
t h e three n u t r i e n t s es t imated in plant o rgans . Generally, t h e N P K c o n t e n t s 
were improved b y t h e organic supplements , a m o n g which t h e 50-day f e r m e n t e d 
s lur ry of bo th sources gave t h e least values. N P K levels of t h e entire p l a n t s 
showed their g rea tes t contens t f r o m the 9 5 - d a y fermented s lu r ry . Shoots ac -
quired higher n u t r i e n t conten ts t h a n roots in all cases. The h ighes t N P K u p t a k e 
was obtained b y t h e 95-day digested slurry of t h e maize s t a l k s -f- catt le d u n g 
mix tu re . The 95-, and 135-day fermented c a t t l e dung, and 135-day d iges ted 
m i x t u r e followed respectively in action. S u c h t rends accorded with t h a t of 
t h e dry weight (Fig . 1). M a x i m u m N P K c o n t e n t s of the s h o o t s were observed 
b y t h e t r e a t m e n t wi th 95-day digested s lurry of the mixture , whereas those of 
t h e roots appea red with the 135-day of the s a m e mixture. 
These resu l t s indicated t h a t the 95-day f e rmen ta t ion of biogas feeds tocks 
p roved to be t h e best period f o r manure o u t p u t . Such m a t u r e manure is c o n -
sidered to be a balanced source of available nut r ients , as well as a su i t ab l e 
supplier of p l an t growth r egu la t i ng substances , as well as i ts assumed i m p r o v e -
m e n t of the phys ica l character is t ics of t h e soil. Likewise, t h e presence of 
appreciable a m o u n t s of those chelat ing c o m p o u n d s tha t p r o m o t e the ava i l ab -
i l i ty of po lyva len t cationic n u t r i e n t s is m o s t probable a t t h i s stage. The 50-
and 135-day digest ion du ra t ion resulted in t h e product ion of immature a n d 
over -mature m a n u r e s respect ively . In the s h o r t period, a d e q u a t e mineral iza-
t ion had not t a k e n place; whi ls t in the long pe r iod , the h ighes t minera l iza t ion 
level reduces t h e favourable ac t i on of the m a n u r e on the phys ica l p roper t i e s 
of soil, on one h a n d , and n a r r o w s the o p p o r t u n i t y for t h e accumula t ion of 
g rowth regula tors and chelat ing compounds , o n t h e other. 
The 95-day digested s lu r ry of maize s t a lk s -f- cattle d u n g mix tu re s u r p a s -
sed t h e cor responding m a n u r e deriving f r o m t h e cattle d u n g only. This c a n 
be elucidated b y t h e presence, in t h e first m i x t u r e , of higher a m o u n t s of p l a n t 
g rowth- s t imula t ing substances , such as a u x i n s (IAA) a n d gibberellins (of 
p l an t origin), as well as of apprec iab le quan t i t i e s of micronut r ien t s . Moreover , 
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the high a m o u n t s of a m m o n i a liberated f r o m the rapid decomposition of the 
fermented animal manure (with narrower C/N ratio) migh t harm the emerging 
plant seedlings (Olsen a n d Kur tz 1982). 
The compara t ive e f fec t of biogas s lu r ry and f a r m y a r d manure on wheat 
growth was studied by Z o h d y and Badr El-Din (1983). T h e y obtained greater 
yield and h igher NPK c o n t e n t s with t he biogas manure t h a n with tha t f r o m the 
fa rmyard . Similar results were found on corn by I m a m et al. (1984): Sathia-
nathan (1975) noted t h a t fertilization w i t h biogas m a n u r e makes supplementa l 
application with nut r ient elements unnecessary . He a d d e d that b iogas ma-
nure servos a double p u r p o s e since it is b o t h a soil condi t ioner and a fert i l izer. 
Such m a n u r e , besides fu rn i sh ing plant f o o d , benefits t h e soil by increasing its 
water-holding capacity a n d improving i t s s t ructure. 
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Plant Physiology and Biochemistry 
E F F E C T O F TOXIC M E T A L S I N H I B I T I N G T H E 
G R O W T H O F P L A N T CALLUS T I S S U E S (IV.) 
(Haploid callus t issues of Nicotiana silvestris) 
M . MARÓTI a n d J . BOGNÁR 
E X P E R I M E N T A L STATION OF L. EÖTVÖS U N I V E R S I T Y , GÖD. HUNGARY 
( R e c e i v e d : 24th April 1989; acccpted: 10 th J u l y 1989) 
The a u t h o r s s t u d i e d the e f fec t of eight toxic m e t a l s con t amina t ing o u r environ-
m e n t on the g r o w t h of haploid ca l lus t i s sue cultures p r o d u c e d from Nicotiana silvestris 
a n t h e r s . The m e t a l s used were a d d e d t o t h e sterile cell popu la t ion in t h e f o r m of the 
fo l lowing c o m p o u n d s a t concen t r a t i ons be tween 10 1 a n d 10—': A1,(S04). C r 0 3 , CuS0 4 
5H..O, HgCl,, N iSO, . Pb(N0 3) . , , Z n ( S 0 4 ) 3 and Cd-ace ta t e . T h e condit ions of t h e experi-
m e n t s were the s a m e as those d e s c r i b e d in the a u t h o r s ' earlier p u b l i c a t i o n s (Maróti 
a n d Bognár 1985, 1988, 1989). 
As shown b y t h e results of t h e expe r imen t s e a c h of t h e eight m e t a l compounds 
e x a m i n e d inhibi t s t h e ma t t e r i nc rease of the callus t i s s u e s . The e x t e n t of inhibi t ion 
r a n g e d between 9 0 , 6 % and 3 ,8% d e p e n d i n g on the m e t a l s and concen t r a t i ons used, as 
i n d i c a t e d by the f i g u r e s of the t a b l e s (Tables 1-8). A n o t h e r regular t r e n d is t h a t the 
f r e s h ma t t e r a n d t h e d r y m a t t e r p e r c e n t a g e change i n opposi te d i rec t ions w i th the 
m e t a l concen t r a t i ons used . This f a c t is connected w i th t h e dehydra t ion of cells, which 
is a criterion of t h e tox ic i ty of m e t a l s . T h e e x p e r i m e n t s with the ea r l i e r published 
r e s u l t s (Maróti a n d B o g n á r 1985, 1988, 1989) t aken i n t o considerat ion s t ress the 
necess i ty of t e s t i n g t h e effect of t o x i c meta l s on c u l t i v a t e d plant species as soon as 
poss ible , since t h e i r to le rance m a y essen t ia l ly vary w i t h species, and w i t h gene t ic and 
physiological c o n d i t i o n s . 
Keywords: Nicotiana silvestris. hap lo id callus t i s s u e s , toxic meta ls 
Introduction 
Toxic metals h a v e appeared in all spheres of o u r environment (air , water, 
soil) and both their n u m b e r and concentra t ions increase constantly despi te our 
a t t e m p t s at prevent ion. For this reason their harmful effects must he increasing-
ly unders tood in the f u t u r e , especially if лее wish to increase the organic mat ter 
product ion of plants. W h e n doing so, we supposedly are forced to m a k e use of 
organic material (e.g. sewage-sludge, or silting up causing the s t agna t ion of 
waters) t he toxic me ta l content of which is not as ye t known. I t would , there-
fore, he desirable to iden t i fy as soon as possible the tox ic metals accumula t ing 
in the l iving organisms, first of all in t he different organizational levels (cells, 
tissues, organs, in tac t plants) of var ious plant species and -variet ies , ami 
examine their effect on different ob jec t s included in experiments. T h e n from 
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t h e in format ion t h u s obtained conclusions could be drawn on their effect 
man i fe s t ed later in higher o rgan isms (animals, h u m a n s ) . 
I n our exper iments , m o t i v a t e d by the a b o v e goals we f o u n d tha t the 
s a m e meta l c o m p o u n d had h ighly different e f fec t s on the g rowth metabolism 
of isolated callus cu l tu res from t w o p lan t genera (Nicotiana tabacum and Ruta 
graveolens), or w i t h different concen t ra t ions of t h e same c o m p o u n d , different 
r e su l t s were o b t a i n e d as regards m a t t e r increase or cell n u m b e r . These da t a 
c o n f i r m previous s tud ies (Maróti a n d Bognár 1985, Kovács et al . 1986, Pa jzs 
1980, Turcsányi 1986). 
I n the work repor ted here, we studied t h e effects of several toxic metals 
on m a t t e r increase and cell n u m b e r in a haplo id callus cu l ture of Nicotiana 
silvestris, ano ther species of t h e genus Nicotiana. 
Materials and methods 
I n our earlier exper iments (Maró t i and Bognár 1985, 1988) the e f fec t of some conta-
m i n a t i n g heavy m e t a l s on the g rowth of callus cu l tures was studied in t h e plant species 
Nicotiana tabacum a n d Ruta graveolens. 
In the p resen t work the callus of ano ther species of t he genus Nicotiana was used for 
t e s t i ng toxic meta ls . O u r exper imenta l mate r ia l was a hap lo id cell p o p u l a t i o n of Nicotiana 
silvestris produced f r o m an anther c u l t u r e f ive years ago. T h e cultures grew on a Murashige 
Skoog (1962) cu l ture m e d i u m under iden t i ca l physical condi t ions , as it was described earlier 
(Marót i and Bognár 1985, 1988, 1989). T h e growth p a r a m e t e r s of the c u l t u r e s were charac-
te r i s t i c of the species, a n d the m a t t e r increase of the con t ro l cultures was , a f t e r 4 weeks, 
a b o u t 5 1/2 t imes t h a t of the original i n o c u l u m . 
The heavy m e t a l s t o be tested w e r e used in the e x p e r i m e n t s in the fo l lowing forms a n d 
concent ra t ions . 1 0 - 4 - 1 0 ~ r ' M : A12(S04)3, Cr0 3 , CuS0 4 • 5H„0 , NiS0 4 • 7 H 2 0 , Pb(N0 3 ) 2 , 
Z n S 0 4 • 7 H 2 0 , Cd-ace ta te and 1 0 _ 6 - 1 0 — 7M HgCl2. The f i g u r e s given for t he v a r i a n t s are aver-
ages of 10 tissue samples (test-tubes) e a c h , for which t h e sca t te r was also calcula ted. To in-
ves t iga t e the effect of t he compounds t e s t e d , we took t h e ini t ial and f ina l f r e s h mat ter and 
pe rcen tage dry m a t t e r content of the inocu la , and coun ted t he cells in t h e we igh t unit a f t e r 
T h o m a s and D a v e y (1975). From t h e d a t a thus ob ta ined we calculated t h e daily and t h e 
so-called relative g r o w t h ra te for the cu l tu re s ; the l a t t e r indicates the mul t ip l i ca t ion of t h e 
wigh t of the original inoculum. The d a t a obtained by measur ing and ca lcu la t ion were sum-
mar i zed in a t abu l a r f o r m , and also expressed as a p e r c e n t a g e of the con t ro l (Reinert and 
Y e o m a n 1982). 
Results and discussion 
The numer ica l results of t h e exper iments a re contained in Table 1 - 8 . 
The expe r imen t da ta o b t a i n e d , both t h e abso lu te values ( f resh and d r y 
m a t t e r , change in t h e number of cells) and t h e converted v a l u e s (daily and 
re la t ive change, t r e n d of percent i le indices) a re w o r t h being considered as a 
f u n c t i o n of the compounds used, on the one h a n d , and of an increase in the i r 
concent ra t ion , on t h e other. 
A common character is t ic of t h e eight m e t a l s examined as t h a t each of 
t h e m inhibited t h e m a t t e r increase of the i so la ted haploid cal lus tissues. T h e 
e x t e n t of inhibi t ion ranged f r o m 90 ,6% to 3 , 8 % , depending on t h e kind and 
concent ra t ion of t h e metal used, a n d increased in each case w i t h an increase 
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Table 1 
Effect of aluminium on the growth of Nicotiana silvestris callus tissues 
Dai ly mass 
Fresh mass Dry matter Number of cells increase Relative growth 
Hormones Al e (SO,) a  
1 1 4 / 1 M
 g/flask % "f, % % ° f , 103xn/g % o f , mg % ° f , inocm % ° f , 
control control control control ] u m control 
IAA Ю - 4 
2.0 
5 • Ю - 5 
Kin Ю - 5 
0 . 2 
5 • 10-
1 . 0 1 0 " 
Control 
X 0.162 1.10 1140 
12.1 101.8 66.0 — — — — 
± s 0.015 0.06 98 
X 0.149 1.00 920 
11.1 92.6 53.3 — — — • — • 
± 8 0.020 0.07 61 
X 0.555 1.10 960 
44.4 101.8 55.6 13.14 32.3 1.77 31.5 
± S 0.184 0.07 51 
X 0.604 1.20 1060 
45.1 111.1 61.4 14.96 36.8 2.02 36.0 
± 8 0.148 0.09 55 
X 0.631 1.00 1110 
47.1 92.6 64.3 15.96 39.2 2.15 38.3 
i t S 0.118 0.08 32 
X 1.339 1.08 1727 
100.0 100.0 100.0 40.67 100.0 5.61 100.0 
± 8 0.044 0.21 10 
Table 2 
Effect of chromium on the growth of Nicotiana silvestris callus tissues 
Hormones 
mg/1 
CrO, 
M 
Fresh mass Dry matter Number of cells 
Dai ly mass 
increase Relative growth 
g/flask О/ of /О 01 
control % 
% of 
control 
10'xn/g % of 
control 
mg % o f , 
control 
.
 n
* %of 
inocu-
 c o n t r o ) 
lum 
X 0.140 0.99 1078 
Ю -
4 10.4 91.7 62.4 — — — 
IAA ± 8 0.037 0.15 25 
2.0 X 0.165 0.71 1207 
5 • Ю - 5 12.3 67.5 69.9 — — — 
i t s 0.052 0.07 23 
X 0.293 0.65 1202 
Kin 
Ю -
3 21.9 60.2 69.6 3.32 8.2 0.46 8.2 
0.2 ± 8 0.068 0.10 20 
X 0.355 0.67 1212 
5 • 1 0 - 6 26.5 62.0 70.2 5.53 13.6 0.77 13.7 
± S 0.042 0.04 12 
GA 3 
1.0 X 0.498 0.52 1309 
1 0 - 6 37.2 48.1 75.8 10.64 26.2 1.49 25.5 
± 8 0.043 0.07 27 
X 1.339 1.08 1727 
Control 100.0 100.0 100.0 40.67 100.0 5.61 100.0 
± 8 0.044 0.21 10 
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in the concen t ra t ion . Fresh m a t t e r and d r y m a t t e r con ten t changed in oppos i t e 
direct ions fo r almost all me ta l s . 
The increase in the f resh mat te r d id no t even reach 5 0 % of t h e cont ro l 
at the lowes t concen t ra t ions of AI, Cd, Cr, Cu. Hg and Ni , while Zn caused 
higher t h a n 50% m a t t e r inhibit ion o n l y a t higher concen t ra t ions app l i ed 
— 10 4 of P b ; 10 4—5.10 5 M of AI, Cd, Си, Ni; 10 5 — 1 0 ^ « M of H g — even 
caused d e a t h . I t was only w i th Zn t h a t ne i the r cell de s t ruc t i on nor h igh r a t e 
loss of w a t e r were observed, even at i ts h ighes t concen t ra t ion . The pe r cen t age 
propor t ion of the dry m a t t e r of tissues w a s higher wi th a n y concent ra t ion of 
each me ta l t h a n it was in t h e control. T h e only exception w a s Cr, for wh ich t h e 
propor t ion Avas 52 -8% lower than in t h e control. T h e opposite t e n d e n c y 
change in percentage d r y m a t t e r c o m p a r e d to the f resh m a t t e r increase is in 
the f i rs t p lace due to the loss of the w a t e r content of cells, as indicated in our 
earlier s t ud i e s for diploid cal lus tissues of Nicotiana tabacum and Rata graveo-
lens (Marót i and Bognár 1985, 1988. 1989; Maróti et a l . 1984). The loss of 
water caused by toxic m e t a l s can be regarded as one of the morphological 
effects of tox ic i ty . At a n y concent ra t ion of the metal compounds t e s t e d t h e 
number of cells per unit m a t t e r (g) general ly was more t h a n 5 0 % of the con t ro l . 
Table 3 
Effect of copper on the growth of Nicotiana silvestris callus tissues 
Hormones < r.uSO, 
Fresh mass Dry matter Number of cells Dai ly mass increase Relativ« • growth 
mg/l M 
l •/Люк % «f control о/ % o l control 10'xn/g % »f control mg % of control 
n X 
inocu-
lum 
% o f 
control 
X 0.170 1.16 1242 
ю -
1 12.7 107.4 71.9 — — 
I A A —•• g 0.010 0.34 73 
2.0 X 0.179 1.28 1143 
5 • t o - 5 
+ s 0.010 
13.4 
0.11 
118.5 
42 
66.2 
Kin X 0.385 1.31 1108 
0.2 1 0 - ' 
— s 
X 
0.070 
0.652 
28.7 
0.10 
1.45 
121.3 
70 
1306 
64.2 6.60 16.2 0.92 16.4 
5 • t o - « 
i s 
X 
0.010 
0.707 
48.7 
0.10 
1.10 
134.2 
10 
1135 
75.6 16.14 39.7 2.26 42.3 
GA, t o - « 52.8 101.9 65.7 18.10 44.5 2.53 45.1 
1 .0 ± S 
X 
0.020 
1.339 
0.15 
1.08 
95 
1727 
Control 100.0 100.0 100.0 40.67 100.0 5.61 100.0 
-f- s 0.044 0.21 10 
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Table 4 
Effect of nickel on the growth of Nicotiana silrestris callus tissues 
Hormones NiSO, 
Fresh ma* » Dry matter Number of eells 
Daily mass 
increase Relative growth 
mg/l M 
(Í ;/flaak % "f control % % of 
control 
10'Xn/g % of 
control 
mg % Of 
control 
n X 
inocu-
lum 
% <>f control 
X 0 . 1 6 2 1 . 3 3 1 2 9 9 
IAA i o - < 1 2 . 1 1 2 3 . 1 7 5 . 2 — — 
2 . 0 ± S 
X 
0 . 0 1 7 
0 . 1 7 9 
(1.08 
1 . 6 1 
7 1 
1 2 2 5 • 
Kin 5 • l O " 5 1 3 . 4 1 4 9 . 0 7 0 . 9 - — • — — — 
2 . 0 i s 
X 
0 . 0 3 6 
0 . 8 2 0 
0 . 0 7 
1 . 1 7 
6 9 
1 1 9 9 
GA3 1 0 " 5 ± 8 0 . 2 1 8 6 1 . 2 0 . 1 1 1 0 8 . 3 4 6 6 9 . 4 2 2 . 1 4 5 4 . 4 3 . 1 0 5 5 . 2 
1 . 0 X 0.907 1 . 1 7 1 1 3 9 
5 • 1 0 " 6 
± 8 
X 
0 . 1 0 1 
0 . 9 5 7 
6 7 . 7 
0 . 0 8 
1 . 1 5 
1 0 8 . 3 
7 6 
1 2 4 4 
6 5 . 9 2 5 . 2 5 6 2 . 0 3 . 5 3 6 2 . 9 
1 0 " 6 
± S 
X 
0 . 2 6 1 
1 . 3 3 9 
7 1 . 5 
0 . 0 3 
1 . 0 8 
1 0 6 . 5 
5 5 
1 7 2 7 
7 2 . 0 2 7 . 0 3 6 6 . 5 3 . 5 3 6 2 . 9 
Control 
± 8 0 . 0 4 4 
1 0 0 . 0 
0 , 2 1 
1 0 0 . 0 
1 0 
1 0 0 . 0 4 0 . 6 7 1 0 0 . 0 5 . 6 1 1 0 0 . 0 
Table 5 
Effect of lea<l on the growth of Nicotiana silrestris callus tissue 
Hormones Pb(NO a ) , 
Fresh mass Dry matter Number of cells 
Daily mass 
increase Relative growth 
mg/l M 
e. flask % of 
control % % of control 10>xn/g 
'!„ of 
control 
rug "n of 
control 
» X 
inocu-
lum 
% of 
control 
X 0 . 1 8 6 1 . 4 4 1 1 6 5 
1 0 " 4 1 3 . 9 1 3 3 . 3 6 7 . 5 — — 
IAA ± 8 0 . 0 2 3 0 . 1 4 4 
2 . 0 X 0 . 7 6 4 1 . 1 8 1 1 9 7 
5 • 1 0 - 5 
± 8 0 . 2 6 4 
5 7 . 0 
0 . 1 3 
1 0 9 . 2 
2 1 
6 9 . 3 2 0 . 8 8 5 1 . 3 2 . 8 2 5 0 . 3 
Kin X 0 . 7 1 0 1 . 1 4 1 1 8 5 
0 . 2 1 0 - 5 
i s 
X 
0 . 1 9 8 
0 . 6 0 1 
5 3 . 0 
0 . 3 1 
1 . 3 6 
1 0 5 . 0 
8 
1 2 0 5 
6 8 . 6 1 8 . 8 8 4 6 . 4 2 . 5 5 4 5 . 5 
GAa 5 • 1 0 - 6 4 4 . 9 1 2 5 . 9 6 9 . 5 1 4 . 8 5 3 6 . 5 2 . 0 0 3 5 . 7 
1 . 0 i s 
X 
0 . 2 1 1 
0 . 6 1 6 
0 . 0 9 
1 . 3 8 
7 
1 1 9 4 
1 0 " 6 
i s 
X 
0 . 1 7 5 
1 . 3 3 9 
4 6 . 0 
0 . 1 7 
1 .08 
1 2 7 . 8 
7 
1 7 2 7 
6 9 . 1 1 5 . 4 0 3 7 . 9 2 . 0 8 3 7 . 0 
Control 
i 8 0 . 0 4 4 
1 0 0 . 0 
0 . 2 1 
1 0 0 . 0 
1 0 
1 0 0 . 0 4 0 . 6 7 1 0 0 . 0 5 . 6 1 1 0 0 . 0 
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However, in t h e case of AI, Cr, Cu, Ni, P b and Zn it did n o t reach t h e ful l 
value of t h e control , while in response t o Cd and Hg t h e n u m b e r of cells per 
uni t m a t t e r w a s larger t h a n in the control . 
Table 6 
Effect of zinc on the growth of Nicotiana silvestris callus tissues 
Hormones ZnSO, 
Fresh mass Dry matter Number of cells 
Dai ly mass 
increase Relative growth 
mg/1 M 
« 
;/f!ask % of 
control % 
% of 
control 
103x n/g % of 
control 
mg % of 
control 
П X 
inocu-
lum 
% of 
control 
X 0.456 1.89 1175 
1AA 
ю - « 34.0 175.0 68.0 9.14 22.5 1.28 22.8 
2.0 ± 8 
X 
0.067 
0.474 
0.25 
1.93 
341 
1400 
5 • 1 0 - 5 
± 8 
X 
0.149 
0.934 
35.0 
0.23 
1.37 
178.7 
75 
1317 
81.0 9.78 24.0 1.37 24.4 
Kin i o - 5 69.7 126.8 76.3 26.21 64.4 3.67 65.4 
0.2 ± 8 
X 
0.318 
0.814 
0.17 
1.39 
73 
1580 
GA3 5 • 10~ u 60.8 128.7 91.5 21.92 53.9 3.07 54.7 
1.0 ± 8 
X 
0.096 
0.981 
0.27 
0.95 
122 
1720 
I O - 6 
± 8 
X 
0.285 
1.339 
73.2 
0.21 
1.08 
88.0 
79 
1727 
90.6 27.99 68.6 3.90 69.5 
Cont ro l 
± 8 0.044 
100.0 
0,21 
100.0 
10 
100.0 40.67 100.0 5.61 100.0 
Our d a t a unequivocal ly show tha t t h e me ta l s examined act on the p l a n t s 
th rough t h e g r o w t h me tabo l i sm of the cells a n d tissues (g rowth inhibi t ion, loss 
of water , m o r t a l i t y ) and t h e r e b y , may a f fec t t h e chain of n u t r i t i o n . As k n o w n 
f r o m l i te rary d a t a the meta l compounds e x a m i n e d have caused inhibit ion w i t h -
in the m e n t i o n e d limits of concen t ra t ion in species other t h a n those of t h e genus 
Nicotiana. F o r example, c e r t a i n concen t ra t ions of Cd, H g , Zn have a l e t h a l 
effect on g reen alga cells (Ph i l ipp i s et al. 1981). According t o Wallace (1977), 
Di jkshoorn e t al. (1979) v a r i o u s amounts of Cd, Cu, Ni, P b , Zn generally h a d 
a toxic effect on plant g rowth . B u t not on ly direct ly measurab le morphological 
effects a p p e a r i n g in growth inhib i t ion were observed in m e t a l t r e a t m e n t s . I n -
hibi t ion of cell division and -mot ion was exper ienced in Euglena in r e sponse 
to Cd, Hg a n d Zn (Filippis e t al . 1981). F u r t h e r m o r e , inh ib i t ion of the a c t i v i t y 
of a number of enzymes, a n d of the DNA syn thes i s of nuclei , as a result of Cd, 
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Table 7 
Effect of cadmium on the growth of Nicotiana silveslris callus tissues 
Hormones 
rng/1 
Cd(CHjCOO) 
M 
Fresh mass Dry matter Number of cells 
Dai ly mass 
increase Relative growth 
g/flask % of 
control 
% °/ of /о
 U1 
control 10
s
 Xn/g % of 
control 
mg % of 
control 
•
 n X
 о/ of 
inocu- /О OI 
lum control 
X 0.142 1.75 1040 
1 0 - 4 10 .6 162.0 60.2 — 
IAA ± s 0 .021 0.14 23 
2.0 
X 0.231 1.93 1080 
5 • t o - 5 17.2 178.7 62.5 — 
± s 0.010 0.17 22 
X 0.659 1.30 1770 
i o - 5 49.2 120 .3 102.5 16 .39 40.3 2.29 40.8 
K i n ± 8 0.210 0.27 11 
0.2 
X 0.573 1.50 2090 
5 • 1 0 " 6 47.8 138.9 121.0 13,32 32.8 1.86 33.1 
± 8 0.150 0.33 19 
X 0.648 1.90 1890 
1 0 " 6 48.4 175.9 109.4 16.00 39.3 2.24 39.9 
± 8 0.150 0.21 13 
GA 3 
1.0 X 1.339 1.08 1727 
C o n t r o l 100.0 100.0 100.0 40 .67 100.0 5.61 100.0 
± 8 0.044 0.21 10 
Cu, Hg, Zn applied was demons t r a t ed ( B o n a l y et al. 1980, Weigel and J ä g e r 
1980). N a g e t al. (1981) even observed a negat ive e f fec t exercised b y some 
metals (Cu, H g , Zn) on chlorophyl l f o r m a t i o n and p h o t o s y n t h e t i c a c t i v i t y in 
ge rmina t ing rice plants . 
F r o m l i te rary d a t a a n d the resu l t s of our own exper iments we can 
establish t h a t some m e t a l t races occur r ing in our e n v i r o n m e n t m a y a f fec t 
various p l a n t species in d i f f e ren t measures depending on t h e i r concen t ra t ion . 
These e f fec t s most ly a p p e a r in metabolic inhibi t ion. The d a n g e r increases w h e n 
sludges impos ing a h a r m f u l load on the env i ronment are b r o u g h t into c o n t a c t 
with p l an t s a n d animals, a n d f inal ly w i t h h u m a n s as rece ivers . I t is t he r e fo r e , 
now an u r g e n t task to inves t iga te and p r e v e n t the e f fec t of toxic concen t r a -
tions of v a r i o u s metals on p l a n t species a n d ul t imately o n h u m a n s , since a s our 
results show, no t only t h e h e a v y metals b u t e.g. Al too m a y cause w e i g h t in-
crease in t h e tissues of p l a n t species. 
Acknowledgement 
T h e a u t h o r s are i n d e b t e d t o Miss. E r z s é b e t Léh , a s s i s t an t , f o r he r useful t e c h n i c a l 
co l l abora t ion . 
Acta Agronomica Hungarica 40, 1991 
4(3 M. MARÓTI and J. B O G N Á R 
Table 8 
Effect of mercury on the growth of Nicotiana silvestris callus tissues 
Daily mass 
Fresh mass Dry matter Number of cells increase Relative growth 
Hormones HgCl -
g/flask % o f % % o f , 10»X n/g % o f m g % o f inocu- % o f , 
control control ' " control control Juni control 
1AA 
2.0 
K i n 
0.2 
G A a 
1.0 
1 0 - 5 
X 
A 8 
0.126 
0.019 
9 .4 
1.61 
0.08 
149.0 
1605 
11 
92.9 
— — — — 
5 • 1 0 - ° 
X 
A 8 
0.140 
0.015 
10.4 
1.78 
0.15 
164.8 
1545 
13 
89.5 
— — — — 
10~ 6 
X 
A 8 
0.154 
0.013 
11.5 
1.90 
0.22 
175.9 
2010 
39 
116.4 
— — — — 
5 • 1 0 - ' 
X 
A 8 
1.190 
0.056 
88.8 
1.10 
0.13 
101.8 
2050 
11 
118.7 35.35 86.9 4.95 88.2 
1 0 " ' 
X 
A 8 
1.289 
0.038 
96.2 
1.00 
0.10 
92.6 
1521 
10 
88.1 38.89 95.6 5.44 96.9 
Control 
X 
A 8 
1.339 
0.044 
100.0 
1.08 
0.21 
100.0 
1727 
10 
100.0 40.67 100.0 5.61 100.0 
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I N F L U E N C E OF S H A D I N G ON P R O D U C T I O N OF 
C U C U M B E R IN T H E L A T E S U M M E R S E A S O N IN 
E G Y P T 
F . E L - A I D Y , S . M O U S T A F A , A . E L - Z A W I L Y a n d A . E L - K A S A S 
FACULTY OF A G R I C U L T U R E KAFR E L - S H E I K H , EGYPT 
( R e c e i v e d : 4 t h S e p t e m b e r 1989; accep ted : 1 5 t h December 1989) 
E x p e r i m e n t s were ca r r i ed o u t on c u c u m b e r — cv. Biet A l p h a — during t h e 
l a t e s u m m e r s e a s o n s of 1982 a n d 1983 in the E x p e r i m e n t a l F a r m of F a c u l t y of Agr i -
cu l tu re , K a f r E l - S h e i k h , E g y p t . 
The m a i n ob jec t ive of t h i s r e s e a r c h was to s t u d y t h e effect of s h a d e on c u c u m b e r 
p r o d u c t i o n . T h e s h a d e levels i n c l u d e d 40, 55, 6 3 % s h a d e and u n s h a d e d control . P l o t 
a rea was 31.5 m 2 . Sowing d a t e w a s M a y , 28, a n d s h a d e ne t s were s p r e a d on solid i r on 
f r a m e d t u n n e l s (7 .5 m wide a n d 2 .75 m high) in J u n e , 29, in b o t h y e a r s . 
The s h a d e s ignif icant ly dec r ea sed t he p r o d u c t i o n of s t a m i n a t e f lowers a n d 
h a s t e n e d t h e p i s t i l l a t e f lowering. 
The n u m b e r of f r u i t s / p l a n t , t o t a l f ru i t yield a n d t h e yield of g r a d e " A " increased 
as shad ing d e c r e a s e d . 
Bes t r e s u l t s were o b t a i n e d f r o m 4 0 % shade t r e a t m e n t . 
K e y w o r d s : cucumber , v e g e t a t i v e g rowth , f r u i t yield, effect of s h a d i n g 
Introduction 
The average yield of the c u c u m b e r crop a t K a f r El-Sheikh Governora te 
in s u m m e r seasons of 1982 and 1983 was 18—23 ton/ha , which is ra ther low 
p roduc t ion and needs improvemen t . 
I t is known t h a t the increase in light i n t e n s i t y and day l e n g t h increase 
t h e n u m b e r of s t a m i n a t e f lowers (Cantliffe 1974, 1981). K a n a m e and I tag i 
(1970) on c u c u m b e r reported t h a t shading b y b lack cloth in winter , ear ly 
spr ing and a u t u m n , lowered the p roduc t ion of p is t i l la te flowers. 
On pepper , Quagl iot t i (1976) repor ted t h a t shad ing doubled yields. How-
ever , heavier shad ing 50% shade reduced frui t y ie lds . Jeon and C h u n g (1982), 
on red pepper , r e p o r t e d t ha t f r u i t y ie ld decreased as shading increased . 
On the o the r h a n d , EI-Aidy e t al. (1983), u n d e r the same condit ions of 
t h i s s t udy repor ted t h a t the low s h a d e level ( 4 0 % ) produced t h e highest f ru i t 
yield of t o m a t o a n d improved t h e qua l i ty of f r u i t s . 
Many r epo r t s indicated t h a t shading increased chlorophyl l content 
(Guers 1974, B o a r d m a n 1977, Collard et al. 1977, Moon and P y o 1981, Kappel 
and Flore 1983, E l -A idy et al. 1983). 
The object ive of this work was t o evaluate t h e effect of some shade levels 
on cucumber p roduc t ion during t h e l a te summer season. 
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Materials and methods 
E x p e r i m e n t s were conduc ted in t he Expe r imen ta l F a r m of Faculty of Agr icul ture , 
Kafr E l -She ikh , Egypt , d u r i n g the summer seasons of 1982 a n d 1983. The v a r i e t y used was 
Biet A l p h a , widely grown a n d well-known in E g y p t . 
Sowing dates were o n May, 28, in b o t h yea r s in double r o w s 100+50 X 30 c m . Plot size 
was 31.5 m 2 . Four t r e a t m e n t s were used. S h a d e materials (40. 55 and 63% shade g rade) f r o m 
Polypropol in were provided b y Tildent Co. f r o m England. S h a d e nets were s p r e a d on solid 
iron f r a m e d tunnels (7.5 m wide and 2.75 m h i g h ) on 29th J u n e in both seasons. 
T h e cultural p rac t i ces a n d pest control were done as r e q u i r e d . 
T h e four shade levels were randomly d i s t r ibu ted in fou r replications. D a t a were tested 
by ana lys i s of variance. D u n c a n ' s multiple r a n g e test was used for comparisons among t he 
means of t r e a t m e n t ( D u n c a n 1965). 
Results and discussion 
Effect of shading 
( 1 ) £>oil and air temperature 
Data presented in F ig . 1 indicate t h a t shading resu l t ed in the r educ t iou of soil 
and air t e mpe ra tu r e . T h e effect w as m o r e noticeable w i t h soil t e m p e r a t u r e t han 
air t e m p e r a t u r e . 
It is expected t h a t plant t e m p e r a t u r e would s h o w a more no t i ceab le re-
sponse t o the shade t h a n tha t of air t e m p e r a t u r e . Leopold and K r i e d e m a n n 
(1975), repor ted t h a t s h a d e can r e d u c e leaf t e m p e r a t u r e from 40 or 45 С in 
hor izonta l ly exposed fol iage to about 30 to 32 C, t h a t is, close to ambien t air 
t e m p e r a t u r e . 
(2) Vegetative growth 
Data presented in T a b l e 1 show t h a t t h e plants g r o w n under t h e s h a d e had 
longer s t ems than t h o s e in the open. T h e s e results m a y be explained as a result 
of the e f fec t of the s h a d e t rea tments w h i c h altered t h e qual i ty of i n c i d e n t light. 
This in t u r n might e f f ec t hormonal ba lance which could alter p l a n t height. 
Moreover , our obse rva t ions are in ag reement wi th t h e findings of m a n y re-
searchers , Gray and Steckel (1981) on lettuce a n d El-Aidy et al. (1983) on 
t o m a t o . 
D a t a presented in Table 1 show t h a t s ignif icant differences h a d been ob-
tained in leaf area in b o t h seasons. T h e control h a d t h e lowest r eco rd , while 
the h ighes t leaf area w a s obtained f r o m the 5 5 % shade t r e a t m e n t in both 
seasons. I t did not s ta t i s t ica l ly differ f r o m tha t of 6 3 % shade t r e a t m e n t in the 
first season. The p r o m o t i v e effect of s h a d e might be d u e to the increase in the 
n u m b e r of leaves per p l a n t which m i g h t lead to a s imi lar increase in leaf area. 
On t h e o ther hand, s h a d i n g increases leaf surface. 
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Table 1 
Elfed of shading on vegetative growth of cucumber at different stages 
(1982 a n d 1983) 
Shading 
grade 
(%) 
Stem length 
(cm) N o . of leaves/plant 
No. of 
bran* 
ehre/ 
plan! 
Leaf area/ 
plant 
(cm») 
Dry tvt. 
of 5th 
leaf 
(gm)* 
Days • after sowing 
30 43 60 30 45 60 60 45 45 
First season 1982 
Control 45.0a 98.11» 154.4b 10.0a 21.9e 32.7c 11.6a 2813.8c 0.62a 
4 0 % 43.5a 119.0a 188.4a 9.0a 25.4b 44.5b 9.2b 6062.9b 0.55b 
55% 44.1a 127.1a 203.2a 9.9a 27.5a 52.0a 6.6c 7652.8a 0.52b 
6 3 % 45.2a 125.7a 198.9a 9.8a 27.8a 51.6a 5.3d 7551.5a 0.48c 
Second season 1983 
Control 31.6a 125.5b 144.3c 9.1a 19.1c 30.8c 10.3a 2862. I d 0.60a 
40",, 31.1a 146.8ab 185.6b 9.0a 22.5b 39.3b 7.8b 5051.6c 0.53b 
5 5 % 30.9a 150.4a 197.3ab 9.0a 22.5b 46.2a 5.7c 6405.9a 0.51b 
63",, 30.2a 156.1a 207.7a 9.0a 25.1a 46.4a 5.4c 6175.1b 0.47c 
* Dry weight of the f i f t h leaf from the growing tip of the p l a n t . 
Means designated by t he same letter are n o t significantly d i f f e ren t at the 5% level, accord-
ing t o Duncan's mul t ip le range test. 
(3) Flowering 
Data in Tab le 2 show t h a t shading decreased s igni f icant ly the p r o d u c t i o n of 
s t a m i n a t e flowers. T h e control p r o d u c e d the highest number of s t a m i n a t e 
f lowers . However , t h e r e was no s igni f icant difference be tween 55% a n d 63% 
Table 2 
Effect of shading on flowering of cucumber plants (1982 and 1983) 
Shading 
grade 
(°o) Staininate 
No. of flow era/plant 
Pistillate 
m 
ralin 
First season 1982 
Control 146.4a 11.7c 12.7a 
40",, 133.3b 15.3a 8.91» 
5 5 % 120.1c 14.4ab 8 .4b 
6 3 % 120.2c 13.8be 8 .8b 
Second season 1983 
Control 141.2a 11.3b 12.7a 
4 0 % 132.5b 14.1a 9.51» 
5 5 % 119.9e 13.lab 9.11» 
63",, 118.7c 13.1ab 9 .3b 
Means designated l»y t he same letter a r e not significantly different at the 5 % level, 
according to Duncan ' s mult iple range t e s t . 
4 * Acta Agronomica Hungarica 40, 1901 
5 2 F . EL-AIDY el «I. 
s h a d e t r ea tmen t s in both seasons . This may b e due to the e f fec t of shading 
w h i c h reduced t h e l ight in tens i ty a n d air and soil t empera tu re s . These observa-
t i o n s agree w i t h t h o s e ob ta ined b y Cantliffe (1974 and 1981) on cucumber , 
w h i c h indicated t h a t more s t a m i n a t e flowers w e r e produced u n d e r high t e m -
p e r a t u r e s and h i g h light i n t ens i ty . 
Results in T a b l e 2 show a s igni f icant effect of shading on pis t i l la te f lowers. 
T h e low shade t r e a t m e n t ( 4 0 % ) produced t h e highest n u m b e r of pisti l late 
f l o w e r s in bo th seasons, while t h e control p r o d u c e d the least one . Early work 
( K a n a m a and I t a g i 1970, Cant l i f fe 1981) showed t h a t shading lowered the p ro-
p o r t i o n of p is t i l la te flowers of c u c u m b e r . 
The s taminate /p is t i l la te r a t i o tended to decrease as s h a d i n g grade in-
c reased , these r e s u l t s agree w i t h those of K a n a m a and I tag i (1970) and Cant -
i f f e (1974). 
(4) Fruit yield 
D a t a presented i n Table 3 show t h a t shading h a d a s ignif icant effect on t h e 
n u m b e r of f ru i t s p e r plant in b o t h seasons. T h e 4 0 % shade t r e a t m e n t produced 
t h e highest n u m b e r of fruits p e r p lan t in b o t h seasons, while t h e control h a d 
t h e lowest one. T h e s e results a r e due to the h i g h number of pis t i l la te f lowers 
w i t h 40% s h a d i n g . Also, the r educ t ion of air t e m p e r a t u r e m i g h t cause some 
improvement in f r u i t set, l ead ing t o higher f r u i t product ion u n d e r shade dur ing 
s u m m e r season. 
The 40% s h a d e t r e a t m e n t produced t h e highest yield in bo th seasons, 
whi le the cont ro l had the leas t one . These r e s u l t s might be d u e to the high 
Table 3 
Effect of shading on fruit yield of cucumber (1982 and 1983) 
Shading 
grade 
(%) 
N o . of fruits 
per plant 
Yield (kg/rn1) 
Total Grade "A" 
First season 1982 
Control 9.4c 3.5c 2.3b 
40 13.9a 5.2a 4.6a 
55 12.9ab 4 .8ab 4.5a 
63 11.8b 4.4b 4.1a 
Second season 1983 
Control 8.3d 3.1c 2.1c 
40 12.5a 4.7a 4.1a 
55 l l . l b c 4.2b 3.8ab 
63 10.6c 3.9b 3.6b 
Means des igna ted by the s a m e le t ter are not s ignif icantly d i f fe ren t a t the 5% level, 
according t o Duncan ' s mul t ip le range test. 
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Fig. 1. Soil a n d air t e m p e r a t u r e a t 2.00 p . m . (°C) as i n f l u e n c e d b y shading 
n u m b e r of f r u i t s per p lant p roduced unde r shade compared to the con t ro l . 
Many workers came to the s a m e result i nd i ca t ing tha t t h e low shading (30— 
4 0 % ) almost doubled yields a n d i m p r o v e m e n t was due to t h e increase in f r u i t 
n u m b e r (Quagl io t t i 1976 on p a p p e r and E l -A idy et al. 1983 o n tomato) . 
(5) Fruit quality 
D a t a presented in Table 4 show a signif icant effect of s h a d i n g on fruit l e n g t h . 
T h e f ru i t l eng th increased as t h e shading g r a d e increased. T h e control p l a n t s 
h a d the shor tes t f ru i t s in b o t h seasons, whi le t h e 63% s h a d e t r ea tmen t h a d 
t h e longest f r u i t s , bu t it did n o t differ s igni f icant ly from 5 5 % shade t r e a t m e n t . 
This might be due to the e f fec t of shading which increases cell division a n d 
expans ion . 
Also, t h e r e was a s ign i f ican t effect of shad ing on f r u i t diameter in b o t h 
seasons. The cont ro l had t h e b igges t d iameter . The fruit d i a m e t e r decreased a s 
t h e shading g rade increased. T h i s m a y be exp la ined as a r e su l t of cell expans ion 
which increased under shading . 
The highes t L/D rat io w a s obtained f r o m 63% shade t r e a t m e n t in b o t h 
seasons. 
(6) Total soluble solids (T.S.S.) 
D a t a presented in Table 4 show t h a t there w a s a s ignif icant effect of s h a d i n g 
on T.S.S. in b o t h seasons. T .S .S . decreased as the shading grade increased . 
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Table 4 
Effect of shading on fruit quality of cucumber (1982 a n d 1983) 
Shading 
grade 
<%> 
Fruit length 
(cm) 
Fruit diameter 
(cm) 
Fruit L/D 
ratio 
T.S.S. 
<%> 
First season 1982 
Control 13.94c 3.67a 3.79 4.55a 
40 15.421) 3.57b 4.31 4.34a 
55 16.13a 3.38c 4.77 З.ЗОЬс 
63 16.19a 3.34c 4.84 2.97c 
Second season 1982 
Control 12.76c 3.73a 3.42 4.32a 
40 14.36b 3.60b 3.92 3.37b 
55 15.25a 3.40c 4.48 3.19b 
63 15.68a 3.35c 4.68 2.70c 
Means designated by t h e same letter are n o t significantly d i f fe ren t at the 5 % level, 
according to Duncan's mul t ip le range t e s t . 
The control h a d the h ighes t T.S.S., t h o u g h il did not s ta t is t ica l ly d i f fer front 
40% shade t r e a t m e n t in t h e f i rs t season. El-Aidy et al. 1983, on t o m a t o , ob-
tained s imi la r results s h o w i n g tha t s h a d i n g decreased t h e tota l soluble solids 
of fruits. 
The h ighes t yield of g rade "A" in b o t h seasons was obtained f r o m 4 0 % 
shade. 
Table 5 
Economic evaluation of shade nets for cucumber production in the summer season 
( P . r . + l m - ) (1982 and 1983) 
Cost/m! Annual depression/in* 1982 198:! 
Treatments Shade Iron Shade Iron 
Total 
•Crop Net Crop Net 
nets tunnels nets tunnels value/ income value/ income 
m* (P.T.)* m 2 (P.T.)* 
Control 120 6.0 6.0 87.5 81.5 93.0 87.0 
40% shade 88.0 120 8.8 6.0 14.8 130.0 115.2 141.0 126.2 
55% shade 96.0 120 9.6 6.0 15.6 120.0 104.4 126.0 110.4 
63° i, shade 104.0 120 10.4 6.0 16.4 110.0 93.6 117.0 100.6 
* Crop va lue was e s t ima ted on the basis of sale price during t h e production pe r iod . 
+ U $ = 2.6 L.E. and 1 L .E . = 100 P . T . 
Economic evaluation 
To eva lua t e the use of shade nets f o r cucumber p roduc t i on in t h e s u m m e r 
season, u n d e r Kafr E l -She ikh conditions, a n est imation of the costs w a s done 
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Such év aluation inc luded the cos t s of materials used (shade n e t s and iron 
s t r u c t u r e of the tunne l s ) . 
T h e cost of s h a d e nets was ca lcu la ted on t h e basis of ten years as supposed 
by t h e product ion Co. (The ma te r i a l s used unde r K a f r El-Sheikh conditions 
f rom 1981 till now (1989) are still in good condi t ion. The cost of i ron s t ructure 
of t h e tunnels was calcula ted on t h e hasis of t w e n t y years (this s t r uc tu r e has 
been used in Kafr El-Sheikh f r o m 1974 till now). T h e es t imat ion of the crop 
value w a s done on t h e basis of sale price during t h e product ion pe r iod . 
D a t a in Table 5 show tha t t h e cost increased steadilv as t h e shading 
J ct 
grade increased a n d t h e control h a d t h e lowest cost in both years . 
T h e highest n e t income was ob ta ined f rom 4 0 % shade g rade t r ea tmen t , 
while t h e control g a v e the lowest n e t income in b o t h seasons. 
T h u s , it can he concluded t h a t 4 0 % shading is t h e most e f fec t ive shade 
for t h e best p roduc t ion of cucumber in the l a te s u m m e r season under Kafr 
El -Sheikh condit ions. 
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E F F E C T OF GAMMA R A D I A T I O N A N D 
T E M P E R A T U R E ON P O T A T O E S D U R I N G S T O R A G E 
I I . Physiological and biochemical changes1 
0 . M . A L W A K D I * , I . P Á L * , P . S Z Ő K E * and J . B E C Z N E R * * 
• U N I V E R S I T Y OF A G R I C U L T U R A L S C I E N C E S , D E P A R T M E N T O F B O T A N Y A N D P L A N T PHYSIOLOGY, 
GÖDÖLLŐ 
• • C E N T R A L FOOD R E S E A R C H INSTITUTE, B U D A P E S T , H U N G A R Y 
( R e c e i v e d : 19th J u n e 1989 ; accepted: 7 t h December 1989) 
P o t a t o v a r i e t i e s Desire a n d Metal were i r r a d i a t e d with 0, 50, 100 and 500 G y 
g a m m a rays , a n d were s to red a t 5 °C and 2 0 - 2 5 °C for 6 m o n t h s . R e s p i r a t o r y 
r a t e , s ta rch , t o t a l and reduc ing s u g a r con ten t s w e r e de termined e v e r y mon th . T h e 
control s ample s of variety Desire showed higher r e s p i r a t i o n ra tes i n compar i son w i t h 
t h e i r rad ia ted t u b e r s . The r e s p i r a t o r y r a t e was s i gn i f i c an t l y higher i n t h e variety Metal 
in compar ison w i t h the variety Desire. The sugar c o n t e n t was h igher i n t h e i r r a d i a t e d 
tube r s , and i t w a s also higher i n t h e tubers s t o r ed a t 5 °C than in t h o s e s tored a t 2 0 -
25 °C. This i n c r e a s e in sugars a c c o m p a n i e d w i th a decrease in s t a r c h c o n t e n t , sugges t s 
conversion of s t a r c h into sugars . 
K e y w o r d s : g a m m a r a d i a t i o n , po ta to r e s p i r a t i o n , s tarch, s t o r a g e , sugar 
Materials and methods 
T w o types of p o t a t o varieties u s e d in the p r e s e n t invest igat ions , Des i re and Me ta l 
t h e p o t a t o e s were p r o d u c e d in the s t a t e f a r m of Szent lőr inc (in the south of H u n g a r y ) . R a d i a -
t i o n t r e a t m e n t of p o t a t o was carried o u t b y gamma i r r a d i a t i o n f rom C o b a l t - 6 0 source a t t h e 
p i lo t p l a n t of A G R O S T E R I r rad ia t ion C o m p a n y , B u d a p e s t . T h e rad ia t ion doses applied f o r 
b o t h var ie t i es were 50 G y , 100 Gy a n d 500 Gy. I r r a d i a t e d a n d control p o t a t o e s were collected 
in cases , by 20 kg p e r t r e a t m e n t and s t o r e d a t 5 °C, also t h e s a m e amoun t f r o m each t r e a t m e n t 
f o r b o t h varieties w e r e s tored at 2 0 - 2 5 °C. Tex ture i n v e s t i g a t i o n , sp rou t ing a n d weight loss 
were measu red r e g u l a r l y every m o n t h f r o m December 1987 t o J u n e 1988. 
Measurement of respiration 
T h e resp i ra t ion m e a s u r e m e n t s w e r e carried out u s i n g an Inf ra- red g a s analyser ( T y p e 
I n f r a l y t 4, made in G D R ) . The f low r a t e of outside a i r a n d t h e amoun t of o u t s i d e C0 2 we re 
m e a s u r e d . About 1 k g of p o t a t o was w e i g h e d f rom each t r e a t m e n t for b o t h va r i e t i e s . A s a m p l e 
w a s p l a c e d in a t h e r m o s t a t a t a t e m p e r a t u r e of 25 °C. A f l o w of air f rom o u t s i d e passed t h r o u g h 
t h e p o t a t o sample a n d t h e CO, c o n c e n t r a t i o n was m e a s u r e d . The resul ts w e r e expressed i n 
C 0 2 m g / k g / h . 
Total sugar determination 
T h e sugar c o n t e n t of the p o t a t o e s was measured b y a colorimetric m e t h o d , using t h e 
pheno l - su l fu r i c acid r e a c t i o n according t o Dubois et al . (1956). An a p p r o x i m a t e 1 g s a m p l e 
f r o m e a c h t r e a t m e n t w a s weighed and b l e n d e d with bo i l ing distilled wa te r , t h e n washed t h r e e 
1
 P a r t I . see i n A c t a Agr. H u n g . V o l 39, N u m b . 3 - 4 . p p . 331-340. 
Acta Agronomica Hungarica 40, 1991 
Akadémiai Kiadó, Budapest 
5 8 О. M M . W A K D I ri al 
times. T h e homogenate was sliaked for 20 min . , then left fo r 10 min. It was cen t r i fuged at 
6000/min for 10 min. The s u p e r n a t a n t was t r ans fe r r ed to a 50 ml volumetric f l ask , which was 
filled up t o capaci ty wi th distil led water . F r o m the solution, 1 ml was t r ans fe r r ed t o a test 
tulie, t h e n 1 ml of 5 % phenol , and 4 ml of concentra ted su l fu r i c acid (98%) were added. 
Af ter 10 min. , the absorbance of the mix tu re was measured a t 485 n m by spec t ropho tomete r . 
The concen t ra t ion of to ta l sugars (/fg/mg) was calculated using a cal ibrat ion curve of D-glucose. 
_ . 50 X concent ra t ion of glucose (iig/ml) 
Total sugar ( / tg/mg) = = . , . — - — — 
sample weight in mg 
Three repl icates for each t r e a t m e n t for each s to rage t e m p e r a t u r e of each po ta to v a r i e t y were 
carried ou t . 
Reducing sugar determination 
Reduc ing sugar c o n t e n t of potatoes was measured by a colorirnetric m e t h o d using the 
A n t h r o n react ion . ( W i t h a m et al. 1971). F r o m each t r ea tmen t , 1 g of both varieties w a s blended 
wi th 3 inl of 9 6 % ethanol . t h e n washed th ree t i m e s with 3 ml of 8 0 % ethanol. T h e homogenate 
was f i l tered and the f i l t e r a t e t ransferred to a 20 ml volumetr ic f l ask , which was f i l led up to 
capaci ty w i t h 8 0 % e thanol . T h e n 1 ml of t he solut ion was t r a n s f e r r e d to a tes t t u b e , t o which 
4 ml of A n t h r o n solution were added, shaken , and placed in a 50 °C hot wa t e r f o r 10 min. 
Af t e rwards t he absorbance of t he mixture was measured a t a 620 n m by spec t rophotomete r . 
The con t en t of reducing suga r s (mg/g) was ca lcu la ted using a cal ibrat ion curvc of D-glucose. 
20 X concentra t ion of glucose (mg, ml) 
Reducing suga r s (mg/g) = ; ;—г—:  
sample weight in grams 
Three repl icates for each t r e a t m e n t and for e a c h storage t e m p e r a t u r e of each p o t a t o variety 
were ana lvsed . 
Starch determination 
T h e s ta rch content de te rmina t ion was carr ied out according to the me thod of McCready 
et al. (1950). Af ter the e x t r a c t i o n of sugars t h e residue was used for starch ana lys i s ; 30 ml of 
3 5 % perchlor ic acid was a d d e d and mixed well. T h e mixture w a s shaken for 20 m i n . , then left 
for 10 min. , a f t e r which i t was t ransferred to a centr i fuge t u b e , a n d centrifuged a t 6000/min. 
for 10 min . The s u p e r n a t a n t was separated a n d t ransferred t o a 100 ml vo lumet r ic f lask, the 
remainder mixed with 15 ml 3 5 % perchloric acid, shaken a n d centr ifuged, t h e n t h e super-
n a t a n t was t ransferred to t h e volumetr ic f l a sk , which filled u p t o capaci ty with dis t i l led water. 
F rom the solution, 1 ml was t ransfer red to a t e s t tube , to wh ich 1 ml (5%) pheno l , and 4 ml 
of concen t ra t ed sulfuric acid (98%) were a d d e d . Af te r 10 min . , t h e absorbance was measured 
a t 485 n m by a spec t ropho tomete r , and the s t a r c h content ( / tg/mg) was calculated u s i n g calibra-
tion curve of D-glucose. 
Results and discussion 
Respiration results 
The respirat ion r a t e in the Desire tubers s tored a t 5 °C decreased in the 
f i r s t 2 m o n t h s of s torage period, t hen i t increased or slightly va r i ed . The un-
i r rad ia ted tubers showed a higher resp i ra t ion level (21.5 mg C 0 2 / k g / h ) than 
t h e i r rad ia ted ones, and t h e i r radiated t u b e r s showed a decrease in t h e respira-
t ion (3.6, 3.7 and 5.8 m g C0 2 /kg/h in 50, 100 and 500 Gy t r e a t m e n t s , respec-
tively) dur ing the 6 m o n t h s of s torage, which migh t be due to t h e effect of 
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i rradiation on t h e enzymes . In the variety, Desire t ube r s stored at 2 0 - 2 5 °C, 
the resp i ra to ry ra te decreased also in the f i r s t 2 mon ths of storage, t h e n i t in-
creased t o t h e m a x i m u m in the 5th m o n t h in the con t ro l tubers (37.9 mg 
COo/kg/h) accompanied w i t h a decrease in sugar con ten t , b u t in the i r r ad ia t ed 
tubers t h e respira t ion r a t e was mainta ined almost at t h e same level (be tween 
3.8 and 10 m g C0 2 /kg/h) a t the 2nd m o n t h of the s to rage period (F ig . 1). 
Some of t h e au thors such as Kodenchery a n d Nair (1972), Hayash i and K a w a -
shima (1982b), reported a n immedia te increase in resp i ra t ion after the i r r ad ia -
tion, which m a y be due to t h e mobil izat ion of reducing sugars f rom s t a r c h , 
and to an acceleration of oxidation of resp i ra tory subs tances , coupled to 
phosphory la t ion of A D P . 
In t h e variety Metal tubers , the resp i ra t ion rate was significantly h igher 
than t h a t of the variety, Desire and th i s increase in respi ra t ion may be due 
to fungal infect ion, which m a k e s the r e sp i r a to ry rate rise in the infected t i ssues . 
It was obse rved that the respirat ion r a t e increased to a m a x i m u m wi th in one 
month of t h e .storage pe r iod , as shown in Fig. 2, then decreased in the second 
month in t h e control, and in the i r r ad ia t ed Metal v a r i e t y tubers s to red at 
20-25 °C. T h e tubers i r r ad i a t ed with a dose of 50 Gy showed higher v a l u e s of 
respirat ion. The control t u b e r s gave lower v alues. At 5 °C the cont ro l and 
Storage time (months) 
Fig. 1. E f f e c t of i r rad ia t ion a n d t e m p e r a t u r e on r e sp i r a t i on of p o t a t o variety Desire in f u n c t i o n 
of s to rage t i m e 
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Fig. 2. E f fee t of i i r a d i a t i o n and t e m p e r a t u r e on r e s p i r a t i o n of p o t a t o variety Metal in f u n c t i o n 
of s torage t i m e 
i r radia ted variety Metal t u b e r s showed a n increase in resp i ra t ion du r ing 3 
mon ths of s t o r age , but the lowes t values were shown by t h e control , and h ighe r 
values were s h o w n by tube r s i r rad ia ted w i th 50 and 100 Gy. I t m a y be a s s u m e d 
t h a t respira t ion played an i m p o r t a n t role i n t h e accumula t ion of sucrose a n d 
t h e loss in w e i g h t of the swee t pota to r o o t s . The inf luence of oxygen on t h e 
increase of t h e sucrose c o n t e n t suppor t s th i s a ssumpt ion (Hayashi a n d 
Kawashima 1982b). 
Total sugar content 
I t was f o u n d t ha t a t t h e end of the 2 n d mon th following i r radiat ion, t h e 
i r radia ted Des i re variety t u b e r s stored a t 5 °C and variety Metal s tored a t 
5 °C and 2 0 - 2 5 °C, had a h ighe r content of sugars t han d id t h e un i r r ad i a t ed 
ones . This inc rease in sugars reached a m a x i m u m in t h e 2 n d month of t h e 
s torage period in the variety Desire tubers s to red at 5 °C (35.3, 48.3, 46 a n d 
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Fig. 3. E f fec t of i r r a d i a t i o n and t e m p e r a t u r e on t o t a l s u g a r c o n t e n t of p o t a t o variety Desire 
in f u n c t i o n of s to rage t ime. T e m p e r a t u r e 5 °C 
38 mg/g in 0, 50, 100 and 500 Gy t r e a t m e n t s , respect ively) , and in t h e 3rd 
m o n t h for con t ro l , 50 Gy a n d 100 Gy t r e a t m e n t of Meta l va r ie ty s tored a t 
5 °C (32.6, 37.6 and 35 mg/g in 0, 50 and 100 Gy t r e a t m e n t s , respect ively) , 
as shown in F igs . 3, 5. In t h e variety Desire tubers s tored a t 20-25 °C t h e 
sugar content w a s higher in t h e control t u b e r s (49 mg/g) t h a n in the i r r ad ia t ed 
ones (Fig. 4). A decrease in s u g a r content of t h e variety Desire was observed 
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4. E f fec t of i r r a d i a t i o n and t e m p e r a t u r e on t o t a l s u g a r c o n t e n t of p o t a t o variety Desire 
in func t ion of s t o r a g e t ime. T e m p e r a t u r e 20-25 °C 
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Storage time (months) 
Fig. 5. E f f e c t of i r r ad i a t i on a n d t e m p e r a t u r e on t o t a l sugar c o n t e n t of p o t a t o variety Metal 
in f u n c t i o n of s t o r age t ime 
in the 3rd and 4th m o n t h s of s torage, followed by a slight increase. I t was 
found t h a t the sugar con ten t was higher in the tube r s s tored at 5 °C t h a n in 
the t u b e r s stored at 20 -25 °C, which f i n d i n g is similar to t h e repor ts of Schwim-
mer et al. 1958, J a a r m a 1968, Chad e t al. 1971, Dwelle a n d Sta l lknecht 1978, 
and W o r k m a n et al. 1979. 
T h e i r radia ted t u b e r s showed higher values of sugar accumula t ion t han 
did t h e control , except fo r the control variety Desire t u b e r s stored at 20—25 °C, 
which agrees with Clutier at al. 1961, Kodenche r ry and Nai r 1972, H a y a s h i 
and K a w a s h i m a 1982a, 1983, and Beczner 1983. 
Reducing sugar content 
Reduc ing sugar con t en t increased dur ing the s torage t ime and it reached 
a m a x i m u m (208% in 50 Gy, 188% in 100 Gy and 172%, in 500 Gy t r e a t m e n t s 
in pe rcen t of the control) in the 5th m o n t h of the s torage period, hu t l a t e r de-
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creased in the variety Desire t u b e r s stored a t 20 -25 °C. At 5 °C t h e reducing 
sugar content showed a m a x i m u m value (350% in 50 Gy, 4 0 0 % in 100 Gy and 
7 0 0 % in 500 G y i r rad ia ted samples in percent of t h e control) in t h e 4 t h mon th 
of storage and t h e n decreased. I t was also observed t h a t these va lues increased 
a long with t h e increase of the i r rad ia t ion dose (Fig. 6). 
I t was f o u n d , in variety Metal tubers s to red a t 5 °C, t h a t t h e conten t of 
reduc ing sugars reached a m a x i m u m (131% in 50 Gy and 100 Gy t rea ted 
samples in p e r c e n t of the control) in the 2nd m o n t h of s torage and then de-
creased (Fig. 7). The increase in reducing sugar s was highest in t h e tubers 
s to red at a lower t e m p e r a t u r e (5 °C), which closely agrees w i th Dwelle and 
Stal lknecht (1978), who repor ted t h a t to t a l a n d reducing sugar con ten t s were 
h ighes t in t u b e r s s tored at 1.7 °C and lower in t u b e r s stored a t 10 °C, bu t la ter 
t h e content of b o t h to ta l and reducing sugars gradually decreased. I t also 
concurs with t h e observat ion of U m e d a (1979), w h o noted t h a t a f t e r i r radia t ion 
t h e reducing s u g a r content increased r e m a r k a b l y , and who a t t r i b u t e d this t o 
t h e t ransfer f r o m high t e m p e r a t u r e to low t e m p e r a t u r e . Be tween the two 
d i f ferent m e t h o d s used in the t o t a l and reduc ing sugars, we observed t h a t t h e 
sugars increased more in the i r rad ia ted t u b e r s t h a n in the cont ro l ones, and 
also more in t h e t u b e r s stored a t 5 °C t h a n in t hose stored a t 20-25 °C. 
Starch content 
I t was obse rved tha t the s t a rch con ten t in bo th varieties of p o t a t o wi th 
d i f fe rent t r e a t m e n t s decreased dur ing the s to rage t ime. I t fell s l ightly in t h e 
Desire tubers s t o r e d a t 20-25 °C, t o levels of 1 6 % , 11.5%, 11 .4% and 13.2% 
in t h e last m o n t h of storage in 0, 50, 100 and 500 Gy t r e a t m e n t s , respect ively, 
as shown in F ig . 9. However, a l i t t le a m o u n t of s tarch conver ted to sugar, 
which was d e t e r m i n e d by t h e lower levels of sugars observed in t h e variety 
Desire stored a t 20-25 °C, t h a n in those s to red a t 5 °C. In t h e Desire tubers 
s to red at 5 °C, t h e s tarch c o n t e n t decreased m u c h more t h a n in those stored 
a t 20-25 °C. I t w a s 15.7%, 1 4 % , 11.5% and 1 0 % in the last m o n t h of storage 
in 0, 50, 100 a n d 500 Gy t r e a t m e n t s , respec t ive ly (Fig. 8). This decrease in 
s t a rch content concur red wi th t h e increase in sugar content . I t was noted t h a t 
t h e decrease in s t a r c h content was greater in t h e i r radia ted t u b e r s t h a n in the 
cont ro l ones, e x c e p t for those t h a t had the 50 G y t r e a t m e n t . I t was also noted 
t h a t the increase in sugars was h igher in i r r a d i a t e d tubers t h a n in t h e control 
ones, which p r o v e s the convers ion of s t a rch in to sugars, which agrees wi th 
O h a d et al. (1971), Isherwood (1976) and W o r k m a n et al. (1979). I n the case 
of variety Metal t ube r s , these also showed a h igher decrease of s t a r ch content 
in tubers s tored a t 5 °C t h a n in those stored a t 20-25 °C dur ing t h e 3 mon ths 
of storage. The cont ro l tubers s to red at 20-25 °C showed a higher m e a n s tarch 
va lue (12%) t h a n did the i r r ad ia t ed ones (8 .4% in 50 Gy, 11% in 100 Gy and 
9 % in 500 Gy t r e a t m e n t ) (Fig. 10). 
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Conclusion 
I t c a n be conc luded t h a t g a m m a i r rad ia t ion e f f e c t s t h e r e s p i r a t o r y r a t e 
of p o t a t o e s , depending on t h e v a r i e t y a n d s torage c o n d i t i o n s . I n t h i s exper i -
m e n t t h e f i r s t m e a s u r e m e n t s of r e s p i r a t i o n were car r ied o u t wi th in one m o n t h 
a f t e r i r r a d i a t i o n . I t w a s observed t h a t t h e control variety Desire s amp le s 
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Fig. 10. Effect of i rradiat ion and t e m p e r a t u r e on s t a r c h content of p o t a t o variety Metal in 
f u n c t i o n of storage t i m e 
showed a h igher respirat ion in comparison w i th the i r r ad ia t ed tubers. T h e 
respira t ion r a t e decreased, a n d then increased. Higher va lues of respirat ion 
were observed in the control samples stored a t 20-25 °C (37.9 mg C0 2 /kg/h) 
t h a n in those s to red at 5 °C (21.5 m g C0 2 /kg/h) , and in all t r e a t m e n t s the respira-
t i o n rate decreased during t h e storage t ime , which may be d u e to the effect 
of irradiation on t h e enzymes. I n the variety Metal tubers t h e respiration r a t e 
w a s signif icantly higher t h a n in t h e variety Desire. I t increased to a m a x i m u m 
wi th in one m o n t h of storage, a n d then decreased. The lower va lues were given 
b y the control tubers . This increase in resp i ra t ion may be because of funga l 
infection. The variety Metal t u b e r s stored a t b o t h storage t e m p e r a t u r e s (5 °C 
a n d 20-25 °C) were infected b y Fusarium ventricosum, wh ich was difficult t o 
compare be tween the two va r i e t i e s of po ta to . 
The expe r imen ta l resu l t s indicated t h a t t h e sugar c o n t e n t accumula ted 
in the i r radia ted tubers of variety Metal and of variety Desire stored at 5 °C. 
I t was higher in t h e i r radiated samples than in t h e control ones , except for t h e 
Desire tubers s to red at 20-25 °C, and accumula ted more in t u b e r s stored a t 
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low t e m p e r a t u r e , depending on t h e var ie ty and irradiat ion dose . Reducing 
sugars increased dur ing storage t i m e and it reached a m a x i m u m in t h e 4th and 
5 t h m o n t h of t h e storage per iod, t h e n decreased. The increase in reducing 
sugars was also h ighes t in tubers s to red a t lower t empera tu re (5 °C). I t can be 
concluded t h a t t h e s tarch c o n t e n t decreased m u c h more in i r r ad i a t ed po t a to 
t u b e r s t han in un i r rad ia ted ones, also t h a t it decreased more in t u b e r s stored 
a t lower t e m p e r a t u r e . The decrease in s tarch c o n t e n t concurred wi th the in-
crease in sugar con t en t , which p roves the conversion of s t a rch in to sugars. 
W i t h the increase of sugar c o n t e n t and decrease in starch c o n t e n t , a rise in 
resp i ra to ry ac t i v i t y is expected, so a high a m o u n t of sugar will be used and 
mate r i a l will be lost f rom the composi t ion of t u b e r s due to resp i ra t ion . I t was 
observed t h a t , in t h e control samples , the increase in respirat ion accompanied 
a decrease in t o t a l sugars. Therefore , it is necessary to control t h e a tmosphere 
su r round ing t h e s to red product t o reduce the resp i ra to ry ra te or t h e inhibi t ing 
r ipening process. 
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C H A R A C T E R I Z A T I O N O F B E A N A N D MAIZE 
G E N O T Y P E S BY P H O T O S Y N T H E T I C 
P A R A M E T E R S D U R I N G T H E S T A R T OF 
I L L U M I N A T I O N 
L . T É C S I , K . MARGÓCZI a m i I . MARÓTI 
RESEARCH G R O U P OF THE H U N G A R I A N ACADEMY OF SCIENCES AT BOTANICAL DEPARTMENT O F 
JÓZSEF ATTILA U N I V E R S I T Y 
LÖVÖLDE UTCA 42., SZEGED, H U N G A R Y H-6726 
(Received: 7 t h A u g u s t 1989: a c c e p t e d : 29th S e p t e m b e r 1989) 
D u r i n g the f i r s t 60 m i n u t e s of t h e i l l umina t ion the s t a r t of CO, a s s i m i l a t i o n , 
the levels of mala te , suc rose , starch were s t u d i e d in i so la ted leaves d e e p o x i d a t i n g 
v i o l a x a n t h i n quickly ( X Q genotypes) a n d s lowly ( X S g e n o t y p e s ) of bean a n d m a i z e 
p l a n t s g rowed in p h y t o t r o n fo r 40 days. T h e m a x i m a l acce le ra t ion of the CO, a s s i m i l a -
t ion is less a n d the lag p h a s e of the CÔ, a s s i m i l a t i o n is longer in t h e XQ than in t h e X S 
g e n o t y p e s because of t h e s lower s tar t of t h e non-cyclic e l e c t r o n t r a n s p o r t in t h e X Q 
g e n o t y p e s . 
I n t h e X Q g e n o t y p e of the C3 t y p e b e a n reaches the in i t i a l sucrose, peak soone r 
t h a n t h e X S genotype b e c a u s e of the qu icke r ac t iva t ion of suc rose syn thes i s .The in i t i a l 
change of t h e ma la t e level m a y not he in t i g h t correlat ion w i t h the induct ion of CO, 
ass imi la t ion . 
I n t h e X Q g e n o t y p e of the C4 t ype m a i z e t h e lower acce le ra t ion of CO, a s s i m i l a -
tion a n d t h e less initial dec l ine of mala te leve l show t h a t the n o n - a u t o c a t a l y t i c a l i n d u c -
t ion p r o d u c e d f rom i n t e r n a l carbon source is n o t so effect ive t h a n in the X S g e n o t y p e . 
T h e in i t i a l decline of suc rose may indicate t h a t sucrose is o n e of the internal c a r b o n 
sources besides a s p a r t a t e a n d malate in t h e C4 maize plant . 
Keywords : bean , m a i z e , pho tosyn thes i s , genotypes 
Introduct ion 
The d i f fe ren t pe r fo rmances of the g e n o t y p e s wi thin a genus or a spec ies 
are well-known and especially available in t h e crop p l an t s . The differences of 
genotypes m a y be in connect ion with t h e modula t ion of metabol ic p a t h w a y s . 
We can observe such as va r i a t i ons in the p h o t o s y n t h e t i c p a t h w a y s of g e n o t y p e s 
(the C3 and C4 species of Panicum genus [Downton 1975]) , and the v a r i a t i o n 
of dry m a t t e r product ion (genotype pa i r s of bean, ma ize , sunflower b e i n g 
different in qu ick [XQ] a n d slow [XS] deepox ida t ing of v io laxan th in du r ing t h e 
induction per iod of pho tosyn thes i s [Maróti 1986]). 
Our aim was to s t u d y t h e genotypical differences be tween the X Q a n d 
the X S geno types of the C 3 t y p e bean and t h e C.t type m a i z e through t h e r a t e 
of C0 2 ass imilat ion, d i s t r ibu t ion of m a l a t e , sucrose and s tarch. The p l a n t s 
were grown a t medium low photosyn the t i c photon f l u x density and s h o r t 
l ight-dark per iod. The lag phas is of the i nduc t ion period of photosynthes i s is 
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caused m a i n l y by the changes of concen t ra t ion of in te rmedie rs (Leegood and 
Walker 1980). I t is known t h a t light and d a r k act ivate a number of chloro-
plastic e n z y m e s (Anderson 1979; Scheibe a n d Jacquot 1983; Karabourn io t i s , 
Manetas a n d Gavalas , 1983). T h e phosphofructokinase-2 (EC 2. 7. 1. 105) (Paz , 
X u and B lack , 1985), p l ay ing on o u t s t a n d i n g role in c a r b o h y d r a t e me tabo l i sm 
in the pho to syn the t i c i n d u c t i o n , may h e act ivated by l ight (Preiss 1987). 
The l igh t -ac t iva ted changes of the suc rose phosphate synthesis (SPS , EC 
2.3.1.14) a re i m p o r t a n t in t h e regulation of pho tosyn the t i c synthesis of sucrose 
(Sicher and K r e m e r 1985). Dur ing the i n d u c t i o n period t h e in termediers of 
p h o t o s y n t h e t i c carbon r e d u c t i o n cycle ( P C R C ) in C3 p l a n t s are built up a u t o -
catalyt ical ly (Leegood and Walker 1980; Usuda 1986). T h e s tar t of p h o t o -
synthesis is n o t accompanied b y general i n t e rmed ie r synthes is , but certain in te r -
mediers are p e r t u r b a t e d , w h i c h is caused b y light ac t iva t ions of the enzymes . 
Above ail the f ructose-1 .6- l ) i sphosphate phosphatase (EC 3.1.3.11) and 
the r iboluse-1.5-bisphosphate carboxylase/oxygenase (EC 4.1.1.39) l imit t h e 
carbon flow in the PCRC ( S t i t t , Wirtz a n d He id t 1980). 
The c a r b o n metabol ism is under fructose-2.6-I>isphosphate r egu l a t i on 
during the induc t ion period (Smyth and B l a c k 1984; Paz a n d Xu 1985; Pre iss 
1987). The reduc ing power ( N A D P H ) a n d energy (ATP) , necessary t o tin-
synthet ic r eac t i ons in c y t o p l a s m a , are p r o d u c e d in light in the chloroplas ts . 
The envelope membrane of t h e chloroplast is impermeable f o r these molecules 
therefore t h e d icarboxyla te t rans loca tor , ca r ry ing oxa l ace t a t e to the s i te of 
malate , is v e r y impor tan t . T h e malate is t h e ma in indirect car r ie r of the c a r b o n 
among ch lorop las t , cy top lasm, mi tochondr ium and perox i soma (Heber 1974; 
Tolbert 1979; Scheibe, Wagenpfe i l and F i s c h e r 1986; G r a h a m and C h a p m a n 
1979). 
The r ibulose-1 .5-bisphosphate and o t h e r in termediers have a f u r t h e r 
non -au toca t a ly t i c synthesis t h a t shortens t i m e necessary t o reach the s t e a d y -
s t a t e ope ra t ion of PCRC ( U s u d a 1986). T h e level of C3 c o m p o u n d s ( p y r u v a t e , 
alanin, P E P ) rise while t h e level of C4 compounds ( m a l a t e and a s p a r t a t e ) 
decline in C4 cycle during t h e first 30 s econds of i l luminat ion (Usuda 1986). 
The inc rease of the q u a n t i t y of ca rbon surpasses c a r b o n deriving f r o m t h e 
C 0 2 f ixa t ion . I t refer to an i n t e rna l carbon source (Fu rbank a n d Leegood 1984; 
Usuda 1985). Aspar ta te , be ing a very close metabolic connec t ion with m a l a t e , 
is CO, pool a n d reduces t h e durat ion of pho tosyn the t i c induct ion (Creach , 
Michel and T h i b a u l t 1974). 
The m a l a t e plays role n o t only in t h e intracel lular t r a n s p o r t hut in c a r r y -
ing energy a n d carbon ske le ton between mesophyl l and bund le shea th cells 
(Slack, H a t c h a n d Goodchild 1969; Coombs 1976). 
The r a t e of the deepoxida t ion of v i o l a x a n t h i n (i.e. t h e r a t e of deve lop ing 
of p ro tongrad ien t in thy lako ids ) quicker, t h e r a t e of quench ing of chlorophyl l -a 
fluorescence in the M-T pe r iod (i.e. s t a r t of t h e non-cyclic e l ec t ron t ranspor t ) 
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and the r a t e of 0 2 evolut ion is slower in t h e X Q geno types t han in t h e X S 
genotypes ( P a t a k y and Maró t i 1985; W a l k e r 1985; Maró t i 1986) dur ing t h e 
induct ion per iod of photosynthes is . The X Q genotypes h a v e lower dry m a t t e r , 
leaf thickness and growth r a t e , their w a t e r content are h i g h e r than those of 
X S geno types (Maróti and Margóczi 1984; Margóczi and Marót i , 1985). T h e 
q u a n t i t y of oppressed m e m b r a n e in the chloroplasts of t h e X Q genotypes is 
greater , t h e n u m b e r of g rana , the sizes of the loculi are less than in t h e X S 
genotypes ( P a t a k y and Marót i 1985; Marót i 1986). 
Materials and methods 
The compar ison of p h o t o s y n t h e t i c induct ion were carried ou t o n t h e XQ and t h e X S 
genotypes of b e a n (Phaseolus vulgaris I,. 'Cherokee ') as well as on t h e X Q ( 'F, ' line) a n d t he 
X S ( ' P I 6 5 ' l ine) genotypes of ma ize (Zea mays L. 'Pioneer ') . The p l a n t s were growed for 
40 days in 600 cm 3 plastic pots in t h e mixture of sand-perl i t (1 : 1) in phvto t ron w h e r e t h e 
CO, con ten t in t he air 330 / /mol • m o l - ' , the s a t u r a t i o n deficit of w a t e r vapour in t h e air 
8.4 mmol • m o l - ' , t he t e m p e r a t u r e 23 °C were. T h e 3 light t r e a t m e n t s were: medium l ight 
(ML): 200 //mol • m - - ' • s " ' p h o t o s y n t h e t i c pho ton f lux density ( P P F D ) and 16 h - 8 h l ight 
dark period ( L D P ) : low light (LL): ' 100 //mol • m " 2 • s " 1 P P F D a n d 16 h - 8 h L D P ; sho r t 
period l ight (SPL) : 200 //mol • m ~ 2 • s " ' P P F D a n d 30 min-15 min L D P . The light sources 
were f luorescent tubes (Tungsram F 3 3 types). 
The ML and the LL p lants were kept in d a r k n e s s for 8 hors, t h e S P L plants were k e p t 
in darkness only for 30 minutes t h e n their to ta l ly developed leaves ( b e a n : 1st t r i fol iate leaf, 
maize: 5 th leaf ) were cut. The isola ted leaves were illuminated w i t h 800 //mol • m— 2 • s ' 
P P F D l ight in humid , 26 °C, 340 / /mol • m o l - 1 CO, concentrat ion of a i r for 0, 2, 5, 15, 30, 
60 minutes , t h e n they were f ixed in liquid air and lyophilized. 
The m a l a t e (Hohors t 1970), t h e sucrose a n d t h e starch con ten t ( H a n d e l 1968: D u b o i s , 
Gilles, H a m i l t o n , Rebers and S m i t h 1956) were de termined. We measu red the t e m p o r a l 
changes of t h e r a t e of CO, ass imi la t ion with inf rared gas analyser ( V F B J u n k a l o r : I n f r a l y t 4.). 
The calculat ions were carried o u t a f t e r Long and Hal lgren (1985); J a n a c , Catsky an/1 J a r v i s 
(1971); Caemmere r and F a r q u h a r (1981). 
The accelerat ion of CO, assimilat ion (a) m e a n s the increment, of t he funct ion of СО
г  
assimilat ion r a t e (A) plotted aga ins t t ime ((): 
d A 
a
 — I— dt 
Results 
The max ima l accelerat ion and the l ag t ime of the s t a r t of C0 2 ass imila-
t ion (Fig. 1). 
Bean 
The m a x i m a l accelerat ion of CO., ass imilat ion is s ign i f ican t ly lower in t h e 
X S geno type growed a t t h e L L and in t h e X Q genotype growed at t h e S P L . 
At each of t h e light t r e a t m e n t s the m a x i m a l acceleration is lower w i th t h e 
except ion of the LL and t h e lag phase is higher in the X Q than in t h e X S 
genotype . 
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Maize 
The L L and the S P L t r e a t m e n t s s t r o n g e r increase t h e maximal accelera-
tion of CO., assimilation in t h e XS than in t h e XQ g e n o t y p e s of inaize. A t al-
most each of t h e t r e a t m e n t s the max ima l acceleration is lower in t h e X Q 
genotype a n d t h e lag phase is higher than in t h e XS g e n o t y p e . Levels of m a l a t e , 
sucrose and s t a rch during t h e f i r s t 60 m i n u t e s of the i l lumina t ion (Figs. 2., 3). 
Bean 
We could observe no s ignif icant changes in the m a l a t e content of t h e leaf 
in the in te rva l of 0-15 m i n u t e s . 
After t h e initial p e a k a constant rise could be o b se rv ed in the sucrose 
level of the leaf . The X Q g e n o t y p e reaches t h e initial sucrose peak in s h o r t e r 
durat ion ( 2 - 5 minutes) t h a n t h e XS g e n o t y p e (5-15 m i n u t e s ) . 
There is not s igni f icant change in s t a r c h level of t h e leaf at t h e f i r s t 
60 minutes of t h e i l luminat ion . 
Maize 
After a n initial decline t h e malate level of the leaf r ises. The du ra t ion of 
t h e initial decl ine is shor te r in the leaves of the LL a n d t h e SPL p l a n t s (5 
minutes) c o m p a r i n g to t h e M L plants (15 minutes) . The decline is less in t h e 
L L and s imi lar in the S P L p l a n t s than t h e M L plants. T h e ra te of the rise of 
the malate level , preceded a n initial decrease , is slower in the XQ t h a n t h e 
X S plants. 
After a n initial decline (5 minutes) t h e sucrose c o n t e n t of the leaf con-
s tan t ly rises slower in the X Q then in the X S genotype. T h e r e is not a n y sig-
nif icant change in starch c o n t e n t of the l eaves during t h e f i r s t 60 m i n u t e s of 
the i l luminat ion. 
2 f 5 1Л 
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Fig. 1. The m a x i m a l acceleration of the s tar t of C 0 2 assimilation in t h e totally deve loped 
leaves of bean a n d maize XS as wel l as XQ genotypes grown at ML, L L a n d SPL light r eg imes 
dur ing the f i r s t 60 minutes of t h e illumination w i t h light of 800 / n n o l • m 2 • s - 1 P P F D 
Acta Agronomien Hungarica 40, 1991 
CHARACTERIZATION OF BEAN AND MAIZE GENOTYPES 7 3 
B E A N 
0 10 20 30 40 50 60 0 10 20 30 40 50 60 
XS XQ 
TIME O F ILLUMINATION ( m i n ) 
о — ML LL •••••A SPL 
Fig. 2. T h e CO, assimilat ion r a t e and the levels of malate, sucrose and starch of t h e totally-
developed leaves of bean X S as well as X(,) g e n o t y p e s grown a t M L , LL and S P L l ight regimes 
during t h e first 60 minu tes of the i l luminat ion with light of 800 //mol • m 2 • s - ' P P F D 
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M A I Z E 
О 10 2 0 30 60 50 60 0 10 20 30 60 50 6 0 
X S XQ 
T I M E OF I L L U M I N A T I O N [ m i n ]  
с ML LL A S P L 
Fig . 3. The CO, ass imi la t ion rate and t h e levels of m a l a t e , sucrose and s t a r c h of the total ly 
deve loped leaves of ma ize XS as well as X Q genotypes g r o w n at ML, LL and S P L light regimes 
d u r i n g the first 60 m i n u t e s of the i l lumina t ion with l i gh t of 800 /imol • m ~ 2 • s— 1 P P F D 
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Discussion 
The CO., ass imilat ion s t a r t s wi th a lag p h a s e in the C3 b e a n and the C4 
maize as well. T h e bean 's lag phase increases, the i r maximal acceleration of 
CO, assimilation decreases whi le the maize's lag phase decreases , aad t h e i r 
m a x i m a l accelerat ion of CO, assimilation increases at the L L and the S P L 
t r e a t m e n t s c o m p a r i n g to the M L t rea tment . T h e s e pheoomena show tha t t h e 
induc t ion of C.) a n d C4 pho tosynthes i s are q u i t e different (Leegood and Walke r 
1980; Usuda 1986). 
In the C3 b e a n the rate of t h e au toca ta ly t i ea l building up of intermediere 
of PCRC may r e d u c e in the L L and SPL p l an t s . T h e main cause of this r educ -
t ion may he t h e lower ac t iv i ty of the l igh t - induced enzymes in the p l an t s 
growed at the L L and SPL. 
In the C4 m a i z e a non-autoca ta ly t ica l b u i l d i n g up of in termediere (Usuda 
1986) accelerates t h e induct ion. The building u p of in te rmediers derives n o t 
f r o m the CO, f i x a t i o n but f r o m an iuternal c a r b o n source t h a t is vacuola r 
a s p a r t a t e (Creach e t al. 1974), a n d malate or m i g h t he sucrose. I t seems t h e 
role of Dialate a n d sucrose is suppo r t ed by t h e qu icker decrease of the level of 
m a l a t e and sucrose in the LL a n d the SPL m a i z e plants t h a t m a y be in close 
connect ion wi th t h e shorter lag phase and t h e h igher max ima l acceleration of 
CO, assimilation in t h e leaves of genotypes g rowed at LL and S P L light regimes. 
In the C3 b e a n the initial rise of mala te level slows d o w n t h e induct ion 
w i t h suckiug t h e in termediers of PCRC. 
In the C4 p l a n t s the decarboxyla t ion , ca ta lysed by mal ic enzyme ( E C 
1.1.1.40), accounts t h e initial decline of m a l a t e level. It is also suppor ted b y 
t h e rise of levels of C3 compounds ( P E P , p y r u v a t e , alanin) in t h e lea\ es d u r i n g 
t h e f i r s t minutes of induction (Usuda 1985). 
In the X Q genotypes t h e quicker deepoxida t ion of v io laxan th in , t h e 
slower quenching of f luorescence in the M-T per iod (Maróti, 1986) the lower 
r a t e of 02 evolut ion are connected with the lower maximal accelerat ion bu t t h e 
g rea t e r lag phase of the CO, assimilat ion c o m p a r i n g to the X S genotypes. I n 
t h e X Q genotypes t h e p ro tongrad ien t develops quicker, which is indicated b y 
t h e quick deepoxida t ion of v io laxan th in , the non-cyclic e lec t ront ranspor t a n d 
t h e CO, assimilat ion s tar ts s lower than in t h e X S genotypes. 
In the s t a r c h level of b e a n and maize l eaves we could no t f ind any sig-
n i f i can t changes because these changes in t h e f i rs t 60 m i n u t e s are l ikely 
negligible to t h e ini t ial s tarch c o n t e n t . 
Bean (Fig. 2) 
The initial sucrose peak of X Q genotypes shows the s t a r t of the sucrose 
synthes is at t h e beginning of t h e i l lumination. T h e key e n z y m e is the l ight -
ac t iva ted SPS (Sicher and K r e m e r 1985). The cause of the decl ine followed t h e 
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sucrose p e a k may be t h e quickly s y n t h e t i z e d f ruc tose-2 ,6-b isphospha te , t ha t 
ceases t h e carbon f low toward sucrose a n d s t imulates t h e starch syn thes i s in 
the ch loroplas t (Preiss 1987). The sucrose synthesis will s tar t again a n d will 
rise if D H A P is formed in excess and i t begins to e x p o r t from the chloroplas t 
to the cy top la sm. The sucrose peak a p p e a r s sooner a n d sharper in t h e leaves 
of the X Q t h a n those of t h e XS bean genotypes . There fo re the S P S m a y be 
ac t iva ted sooner in t h e leaves of t h e X Q than of t h e X S . Never the less the 
f ructose-2 ,6-bisphosphate modulates t h e pho tosyn the t i e enzymes of t h e two 
genotypes on different w a y . The m e t a b o l i t pools r ea r r ange after a t empora l 
inhibit ion of the p roduc t ion of me tabo l i t s of t r icarboxyl ic acid cycle a n d may 
rise t h e m a l a t e level a t t h e beginning of t h e induct ion (Graham and C h a p m a n 
1979) in t h e leaves of t h e C 3 bean. 
Maize (F ig . 3) 
The lower max ima l acceleration of t h e C0 2 assimilat ion may be in close 
correlat ion wi th the lower r a t e of 0 2 evo lu t ion ( P a t a k y and Maróti 1985). The 
longer l ag phase and t h e lower max ima l acceleration of C 0 2 ass imilat ion and 
the slower quenching of fluorescence in t h e M-T per iod in the X Q genotypes 
show t h e slower s tar t of t h e non-cyclic e lec t ron t ranspor t compar ing t h e XS 
genotypes of maize. The slower start of C 0 2 assimilat ion, the less deel ine of the 
malate level show t h a t t h e non-au toca ta ly t i ca l induc t ion depending o n an in-
ternal c a r b o n source func t ion ing not so effectively in t h e XQ geno types as in 
the X S geno types of t h e C4 maize. 
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O P T I M U M N P K R A T I O OF A P L A N T E D G R A S S L A N D 
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U N I V E R S I T Y OF AGRICULTURAL SCIENCES, D E B R E C E N , H U N G A R Y 
(Received: 4th November , 1988; accepted: 9th J anua ry , 1989) 
On a planted grassland wi th high product ion potential supplied with 300 and 
400 kg/ha N, respectively, t he op t imum N P K ra t io = 1 : 0.08 : 0.17 and 1 : 0.06 : 0.13 
— set in wi th P 25- and К 50 kg/ha active agent applied. In the exper iment at the two 
N levels the gradually and paral le l increasing P K doses increased the yield by 139 - 166 
and 161 — 191 percent, respectively, decreased the percentage N con ten t and increased 
the P and К contents of the grassland, changed the ratios of the nutr i t ive element 
pairs, and were utilized with a decreasing tendency. 
Keywords: grassland, fert i l ization, o p t i m u m N P K ratio. 
Introduction 
NPK fer t i l izat ion will be mos t efficient and economical when ad jus ted 
t o t h e given in t h i s case grass land and soil (Bánszki 1971). The opt imum level 
of N ferti l ization is de termined b y the p roduc t ion potent ia l of t h e grassland, 
t h e composit ion of the plant s t a n d , the way t h e grassland is used , along wi th 
t h e water regime of the soil a n d t h e amount of local prec ip i ta t ion . Besides t h e 
yield and n u t r i e n t demand of t h e grassland t h e necessary quant i t ies of P 
a n d К fertilizer depend on the P K s ta tus of t h e soil as well as on its avai labi l i ty 
a n d uti l izat ion. 
For grass lands different N P K ratios a rc considered o p t i m u m : e.g. 
1 : 0.3 : 0.1 by Mihajl icsenko (1968); Bánszki (1971, 1973) suggested vary ing 
r a t io s at d i f ferent N levels and for different soils and grassland types, e.g. 
on alkali soil fo r irr igated m e a d o w foxtail 1 : 0.25 : 0.25 at N 320 level, for 
i r r igated meadow fescue — n a r r o w leaved blue grass 1 : 0.17 : 0.17 at N 480; 
Barcsák et al. (1978) found t h e r a t io of 1 : 0.4 : 0.4 to lie o p t i m u m ; Bedford 
(1979) for hay p roduc t ion sugges ted 1 : 0.20 : 0.63 N P K ra t io a t N 448 kg /ha ; 
according to Vinczef fy (1983) 1 : 0.23 : 0.43 is t h e best ra t io . 
In the expe r imen t the m o s t efficient P and К fertil izer doses were lo 
be found for t w o high rates of N a t a P/K ra t io of 1 : 2, in order t o de termine 
t h e op t imum N P K quant i t ies and -ratios of t h e grassland on a given soil 
and area. 
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Table 1 
Treatments in the experiment 
Fertilizer active agent. Fertilizer active agent 
Number of k 6 / h a r a t i o " 
treatments 
N P,O s K , 0 N : P 2 0 , : K , 0 
1. 
2. 300 25 50 1 : 0.08 : 0.17 
3. 300 50 100 1 : 0.17 : 0.33 
4. 300 75 150 1 : 0.25 : 0.50 
5. 300 100 200 1 : 0.33 : 0.67 
6. 300 125 250 1 : 0.42 : 0.83 
7. 300 150 300 1 : 0.50 : 1.00 
8. 400 25 50 1 : 0.06 : 0.13 
9. 400 50 100 1 : 0.13 : 0.25 
10. 400 75 150 1 : 0.19 : 0.38 
11. 401) 100 200 1 : 0.25 : 0.50 
12. 400 125 250 1 : 0.31 - 0.63 
13. 400 150 300 1 : 0.38 : 0.75 
Materials a n d methods 
B e t w e e n 1975 and 1980 at the grass land exper iment s ta t ion of the Debrecen Univers i ty 
of Agr i cu l tu r a l Sciences. Ha jdúszobosz ló , we s tud ied the effects of var ious amoun t s a n d ratios 
of P and К a t 300 and 400 kg /ha N levels in order to de te rmine t he op t imum of N P K . The 
t r e a t m e n t s of the expe r imen t are shown in Tab le 1. 
T h e exper iment was la id out in r a n d o m block design wi th 4 replications, o n plots of 
24 m 2 e a c h c u t three t imes a year . The a rea was f l a t , about 100 m above sea level. 
T h e composit ion of t he grass m i x t u r e was meadow fescue (Festuca pratensis Huds.) 
Szarvasi-54, 14-, dactylis (Dactylis glomerata L . ) Szarvasi-51, 8-, rye-grass (Lolium perenne L.) 
'"G-658" 6- , Hungar ian b r o m e grass ( B r o m u s inermis Leyss) Szarvasi-52 6-, blue grass (Роя 
pratensis v a r . latifolia L.) " G " széleslevelű 4-, red fescue (Festuca rubra L.) " G " 3-, t imo thy 
(Phleum pratense L.) " G " 3- , clover ( T r i f o l i u m repens var. giganleum Lagr.) 2 kg /ha . 
T h e soil was a lowland chernozem w i t h l ime deposits; t he resul ts of a soil analys is of 
the 0 — 20 c m layer before t h e exper iment was set u p were: p H (KCl) 6.2; К д 44; t o t a l sal t % 
0.02; h u m u s 3.4; nu t r ien t s t a t u s in p p m : N 0 3 + NO., 1.7; AL-soluble P.,05 44 a n d K , 0 239; 
Mg 575; N a 50; Zn 1.4; Cu 5.3; Mil 100; S 0 4 11.7. According to the MEM N A K categories 
the soil w a s well-supplied wi th humus , b u t poor ly with phosphorus and mode ra t e ly with 
po tass ium. 
D u r i n g the t ime of t he exper iment , prec ip i ta t ion and t e m p e r a t u r e were somewhat 
below t h e 50-year average (583 mm and 10.0 °C); 1976 and 1979 were par t i cu la r ly d r y years. 
I n t h e exper iment 3 4 % ammonium n i t r a t e , 18% granu la r supe rphospha te and 40% 
KCl were used . The P a n d К fertilizers were d is t r ibuted in a u t u m n all a t one t ime and the 
N fer t i l izer was supplied in 3 equal doses before cut t ing . 
W e measured the f r e s h crop and t he d r y ma t t e r o u t p u t , a n d f rom the p l a n t samples 
de te rmined the macroelements . The e x p e r i m e n t results were eva lua ted by va r i ance - and 
regression analyses. 
T h e experiment was analysed and apprec ia ted on the basis of the six-year resul ts of 
the g rass land . 
Results a n d discussion 
Dry matter output of the grassland and efficiency of fertilization 
T h e P K t r e a t m e n t increased t h e d ry ma t t e r o u t p u t to 239 — 2 6 6 % at 
the N 300- and to 261 — 291% at t h e N 400 level, compared to t h e control 
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(Table 2). Wi th ident ical P K supplies, t h e difference in dry m a t t e r o u t p u t 
between t h e N levels is significant a lmos t in each t r e a t m e n t , while in N 
quan t i t i e s only with g r ea t e r quan t i t a t i ve differences of P K t r ea tmen t s (F ig . 1). 
T h e yield surplus p e r 1 kg act ive agen t is the m o s t favourable w i t h the 
P K 25 — 50 kg/lia dose a t bo th N levels, a f t e r which t h e increasing r a t e s of 
PK cause a decreasing t e n d e n c y in y ie ld . 
Owing to the lack of precipi ta t ion t h e N 400 kg /ha dose was n o t as 
efficient as the !V 300. T h e most ef f ic ient t r ea tment of the exper iment was 
N P K 3 0 0 - 2 5 - 5 0 k g / h a ; the o p t i m u m N P K ratio is t hus 1 : 0 . 0 8 : 0 . 1 7 . 
In this t r e a t m e n t 56.9 k g N P K act ive agen t was r equ i r ed to produce 1 ton 
dry m a t t e r surplus. 
Tab le 2 
Dry malter outputs and efficiency of the treatments on the average of 1975 — 80 
(Ha jdúszobosz ló ) 
Number of 
treatment» 
Dry matter output Surplus yield 
per 1 kg mixed 
Active agent required to 
matter 
produce 1 
0*) 
t surplus 1 
t/ha о/ /О D 
active agent, 
к» Total N P A K.,0 
l . 4.75 100 
2. 11.34 239 6.59 17.6 56.90 45.52 3.78 7.60 
3. 11.53 243 6.78 15.1 66.37 44 .25 7.37 14.75 
4. 12.31 259 7.56 14.4 69.44 39.68 9.92 19.84 
5. 12.27 258 7.52 12.5 79.79 39.90 13.30 26.59 
6. 12.45 262 7.70 11.4 87.66 38.98 16.22 32.46 
7 12.63 266 7.88 10.5 95.18 38.07 19.04 38.07 
У1 = 10.76 + 0.57.Г - 0.04*= 
R, = 0.96 
8. 12.40 261 7.65 16.1 62.09 52.18 3.13 6.78 
9. 12.05 254 7.30 13.3 75.34 54.79 6.85 13.70 
10. 12.89 271 8.14 13.Ü 76.78 48 .91 9.29 18.58 
11 13 03 274 8.28 11.8 84.54 48 .31 12.08 24.15 
12. 13.43 283 8.68 11.2 89.29 46.09 14.40 28.80 
13. 13.82 291 9.07 10.7 93.72 44.10 16.54 33.08 
y., = 12.13 + 0.07* + 0.04*= 
R , = 0.95 
LSD 5 % 0.55 12 
I n spi te of its poor P - and m e d i u m К s ta tus , t h e soil proved t o be a 
good P K supplier , since t h e opt imum set in with the lowest rate of P K . 
Specific nutrient content 
T h e specific n u t r i e n t content var ied with t h e t r e a t m e n t s (Tab le 3). 
It was influenced b y a decrease in the n u m b e r of leguminous p lan ts , iu the 
grass m i x t u r e in response to N fer t i l iza t ion, and by t h e change of t h e grass-
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Table 3 
Specific values of nutrients in terms of dry matter percentage on the average of 1975 — 80 
(Hajdúszoboszló) 
Vnluee of nutrients in terms of (irv matter % 
TV ° a/ p о/ о/ if о/ о 
'S /О .О r /О At N О о 
1. 2.01 100 0.28 100 2.12 100 
2. 2.57 128 0.23 82 2.10 99 
3. 2.34 116 0.24 86 2.18 103 
4. 2.30 114 0.25 89 2.23 105 
5. 2.27 113 0.26 93 2.27 107 
6. 2.26 112 0.27 96 2.32 109 
7. 2.25 112 0.28 100 2.27 112 
У1 = 2.72 — 0.21* + 0.02*
2 0.22 + 10* + 0* 2 2.04 + 0.07* - 0.003*2 
R . - 0.96 1.00 0.99 
8. 0.96 143 0.22 79 2.05 97 
9. 2.43 121 0.23 82 2.08 98 
10. 2.45 122 0.24 86 2.20 104 
11. 2.37 118 0.25 89 2.22 105 
12. 2.34 116 0.26 93 2.25 106 
13. 2.32 115 0.27 96 2.28 108 
Уз = 
3.09 — 0.33* ! 0.03*2 0.21 + 0.01* + 0*2 1.95 + 0.09* - 0.006* ; 
R 2 = 0.92 1.00 0.98 
L S D 5% 0.19 9 0.02 7 0.22 10 
l egume rat io. T h e control g a v e good c o m p o n e n t values — due to Trifol ium 
repens var . g igan t eum — par t i cu la r ly in r e spec t of protein- and phosphorus 
conten t (Fig. 1). 
The N c o n t e n t was s igni f icant ly r e d u c e d by the increas ing P- and К 
doses. There w a s a difference in N pe rcen tage between t h e two N levels . 
T h e P concen t ra t ion was decreased by the N- a n d increased b y the P fert i l izer , 
i n response t o increasing r a t e s of К fer t i l izer the percen tage value of К 
increased, t h o u g h mostly non-s igni f icant ly . 
Owing t o t h e different tendencies of t h e specific n u t r i e n t contents t h e 
indices of t h e ra t ios of e l emen t pairs c h a n g e d in the t r e a t m e n t s compared 
t o the control (Table 4). 
Nutrient output of the grassland and utilization of fertilizers 
The t r e a t m e n t s resul ted in a cons iderable surplus nu t r i en t o u t p u t 
(Table 5). Since in comparison t o the control t h e specific c o n t e n t of nu t r i t i ve 
elements — excep t phosphorus — gradua l ly increased, the N- and K..O 
o u t p u t per h a rose at a h igher r a t e than t h e yield. 
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N 400 kg /ha 2,2-
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K 2 0 0 100 200 300 k g / h a K 2 0 0 
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1—' 1—'— — I — I — 
50 100 150 kg /ha 
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Fig. 1. Func t ion curves for dry ma t t e r o u t p u t and nu t r i en t con t en t (1975 —1980, H a j d ú -
szoboszló) 
Table 4 
Indexes of nutrient ratios on the basis of specific values on the average of 1978 -80 
(Hajdúszoboszló) 
Indexes of nutrient ratios 
Number of 
treatments 
Equivalent К 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
N/P N/K N/C. N/Mg P/K P/Ca P/Mg K/Mg Ca/Mg ^ratio'" 
7.18 0.95 
11.17 
9.75 
9.20 
8.73 
8.37 
8.04 
13.05 
10.57 
10.21 
9.48 
9.00 
8.59 
1.22 
1.07 
1.03 
1.00 
0.97 
0.95 
1.40 
1.18 
1.11 
1.07 
1.04 
1.02 
4.57 10.05 
7.34 
6.69 
6.39 
6.31 
6.11 
6.08 
8.70 
6.88 
7.00 
6.77 
6.50 
6.44 
11.68 
10.63 
10.95 
10.81 
11.30 
11.25 
13.05 
11.05 
11.14 
10.77 
11.14 
11.05 
0.13 0.64 1.40 10.60 
0.11 
0.11 
0.11 
0.11 
0.12 
0.12 
0.11 
0.11 
0.11 
0.11 
0.12 
0.12 
0.66 
0.69 
0.69 
0.72 
0.73 
0.76 
0.67 
0 . 6 8 
0.69 
0.71 
0.72 
0.75 
1.05 
1.10 
1.20 
1.24 
1.35 
1.40 
1.00 
1.05 
1.10 
1.14 
1.24 
1.29 
9.55 
9.91 
10.62 
10.81 
11.60 
11.85 
9.32 
9.45 
10.00 
10.10 
10.71 
10.86 
2.20 
1.60 
1.60 
1.71 
1.71 
1.85 
1.85 
1.50 
1.55 
1.60 
1.60 
1.71 
1.71 
1.41 
1.50 
1.56 
1 .61 
1.64 
1.69 
1.73 
1.51 
1.51 
1.58 
1.59 
1.63 
1.65 
T h e N o u t p u t increased b y 283 — 305 and 307 — 373% and t h e K , 0 
con t en t by 237 — 297 and 2 4 9 — 3 1 4 % , respectively wi th the two N levels; 
t h e increase in P 2 0 5 o u t p u t at t he t w o N levels was be tween 108 and 277%, 
c o m p a r e d to the con t ro l . 
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The ut i l iza t ion percentage of the ferti l izers showed d i f fe ren t values and 
tendenc ies . Ut i l iza t ion of t h e N fertilizer was 58 — 6 5 % wi th 300 kg/ha, and 
4 9 — 6 5 % in the case of 400 k g / h a . Increasing P K doses s l ight ly checked the 
u t i l i za t ion . 
Increasing doses of P fe r t i l i zer were uti l ized wi th a decreas ing tendency, 
f r o m 126 to 3 4 % . W i t h 25 k g / h a P active agen t more t h a n 1 0 0 % utilization 
w a s obtained a t bo th N levels, p robably due t o the mobi l iza t ion of the P 
c o n t e n t of the soil, or to some e r ro r in the expe r imen t . 
Table 5 
ЛГ-, P- and К outputs and utilization percentages on the average of 1975 —80 
( H a j dúszoboszló) 
Number of 
treatment* 
Nutrient outputs ami utilisation percentages of fertilizers ( H ) 
P.O 1 
kg/ha /о D H % kg/ha % I) H% kg ha О/ 'O it H% 
1 . 9 5 . 5 1 0 0 — 3 0 . 4 1 0 0 — — 1 2 1 . 1 1 0 0 ,— 
2 . 2 9 1 . 4 3 0 5 1 9 5 . 9 6 5 6 0 . 1 1 9 8 2 9 . 7 1 1 9 2 8 6 . 9 2 3 7 1 6 5 . 8 3 3 2 
3 . 2 6 9 . 8 2 8 3 1 7 4 . 3 5 8 6 2 . 3 2 0 5 3 1 . 9 6 4 3 0 3 . 2 2 5 0 1 8 2 . 1 1 8 2 
4 . 2 8 3 . 1 2 9 6 1 8 7 . 6 6 3 7 0 . 2 2 3 1 3 9 . 8 5 3 3 3 1 . 1 2 7 3 2 1 0 . 0 1 4 0 
5 . 2 7 8 . 5 2 9 2 1 8 3 . 0 6 1 7 2 . 4 2 3 8 4 2 . 0 4 2 3 3 4 . 9 2 7 7 2 1 3 . 8 1 0 7 
6 . 2 8 1 . 4 2 9 5 1 8 5 . 9 5 2 7 7 . 2 2 5 4 4 6 . 8 3 7 3 4 8 . 6 2 8 8 2 2 7 . 5 9 1 
7 . 2 8 4 . 2 2 9 8 1 8 8 . 7 6 3 8 0 . 8 2 6 6 5 0 . 4 3 4 3 5 9 . 9 2 9 7 2 3 8 . 8 8 0 
8 . 3 5 5 . 9 3 7 3 2 6 0 . 4 6 5 6 2 . 0 2 0 4 3 1 . 6 1 2 6 3 0 6 . 3 2 5 3 1 8 5 . 2 3 7 0 
9 . 2 9 2 . 8 3 0 7 1 9 7 . 3 4 9 6 3 . 9 2 1 0 3 3 . 5 6 7 3 0 1 . 3 2 4 9 1 8 0 . 2 1 8 0 
1 0 . 3 1 5 . 8 3 3 1 2 2 0 . 3 5 5 7 0 . 9 2 3 3 4 0 . 5 5 4 3 4 1 . 6 2 8 8 2 2 8 . 1 1 4 7 
1 1 . 3 0 8 . 9 3 2 3 2 1 3 . 4 5 3 7 4 . 3 2 4 4 4 3 . 9 4 4 3 4 9 . 2 2 8 8 2 2 8 . 1 1 1 4 
1 2 . 3 1 4 . 3 3 2 9 2 1 8 . 8 5 5 7 6 . 9 2 5 3 4 6 . 5 3 7 3 6 4 . 0 3 0 1 2 4 2 . 9 9 7 
1 3 . 3 2 0 . 6 3 3 6 2 2 5 . 1 5 6 8 4 . 3 2 7 7 5 3 . 9 3 6 3 8 0 . 1 3 1 4 2 5 9 . 0 8 6 
The ut i l izat ion of increasing ra tes of К fert i l izer was also of decreasing 
t e n d e n c y . In t h e case of smaller К doses the h igher than 100% re la t ive utiliza-
t i o n , i.e. the su rp lus po tass ium, came f rom t h e exchangeable К content of 
t h e soil. 
Summary 
In a six-year exper iment we s t u d i e d the effects of gradual ly increasing doses of P and 
K / 2 5 to 15U and 50 t o 300 kg/ha, r e spec t ive ly , in order to establ ish the o p t i m u m ra t io of N P K 
f o r grassland p l an t ed in chernozem soil. 
In the e x p e r i m e n t the most e f f i c i en t t r ea tmen t was 300 — 25 — 50 kg/l ia N P K , that i >. 
t h e op t imum N P K r a t i o — 1 : 0.08 : 0.17 — was o b t a i n e d wi th the lowest P and К levels, 
f o r t he reason i h a t t h e soil of the e x p e r i m e n t , in spite of i ts poor P and Medium К s ta tus 
ensured a good P K supply. 
The effect of t h e 2 N levels a n d t h e increasing P K doses on the specif ic nutr i t ive ele-
m e n t contents is c lear ly demonst rable . T h e P K fert i l izat ion wi th the given N levels decreased 
t h e N content of the grassland and increased the concen t ra t ions of P and K . 
The N and К o u t p u t per h e c t a r e rose at a r a t e h igher t han the increase of yield. The 
increas ing doses of P and К ferti l izers were utilized w i t h a decreasing t e n d e n c y . 
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R E S P O N S E O F S A F F L O W E R TO D I F F E R E N T 
L E V E L S OF N I T R O G E N , P H O S P H O R U S AND 
P O T A S S I U M 
F A T H Y S . E L - N A K H L A W Y * 
AGRONOMY DEPT. FACULTY OF AGRICULTURE, A L E X A N D R I A U N I V E R S I T Y , EGYPT 
(Rece ived: 17th O c t o b e r , 1988; a c c e p t e d : 12th D e c e m b e r , 1988) 
T w o field e x p e r i m e n t s were c o n d u c t e d t o s tudy the r e sponse of s a f f l o w e r to 
d i f f e r en t levels of n i t r o g e n , phosphorus a n d po tass ium fe r t i l i ze r s during 1985 a n d 
1986 seasons. 
Seed yield/ha, 100-seed weight, No. of heads /p l an t , w e i g h t of seeds/head, p r o t e i n 
and oil c o n t e n t s of seed were s ignif icant ly a f f e c t e d by N P К t r ea tmen t s . H i g h e s t 
seed y i e ld /ha was o b t a i n e d f r o m the c o m b i n a t i o n of (92 kg N + 46 kg P - 0 5 + 25 kg 
Kç,0) fol lowed by (92 kg N + 46 kg P 3 0 5 ) . P r o t e i n con ten t of seeds increased as n i t r o g e n 
levels increased, while oil c o n t e n t decreased. 
Keywords : sa f f lower , Carthamus t i nc to r iu sL . . P —and К — fertil izers, seed-yie ld 
Introduct ion 
Saf f lower (Carthamus tinctorius L.) h a s been recognized as a p l a n t of 
economic impor t ance since t h e beginning of recorded h i s to ry , until r e c e n t 
years (Knowles and Davis , 1 9 5 1 ) . I t was conf ined to t h e arid and semia r id 
areas a round the margins of the Medi t e r ranean Sea (Tackholm and D r a r , 
1 9 5 4 ) . Knowles ( 1 9 5 5 ) sugges ted t ha t sa f f lower requires a t least as m u c h 
ni t rogen as small grains, b u t more phosphorus . Greenhouse s tudies on p h o s p h o -
rus, po ta s s ium and n i t rogen responses r evea led t h a t t h e response to n i t r o g e n 
was the g rea tes t . Knowles and Miller ( 1 9 6 5 ) repor ted t h a t on some soils 
where cereal crops respond to phosphorus , safflower yield has some t imes 
been economical ly benefic ia l f rom phospho rus fertilizer. Jackson and Kre i -
zinger ( 1 9 6 2 ) speculated t h a t safflower r e sponded to n i t rogen app l ica t ion , 
however, no benef i t f rom phosphorus was observed . Appl ica t ion of p h o s p h o r u s 
alone decreased seed yield a n d crude p r o t e i n content , a n d increased t h e oil 
percentage of seeds (Werkhoven and Massan t in i 1 9 6 6 ) . Phosphorus c o m b i n e d 
with n i t rogen increased t h e seed yield of saf f lower ( D a t h i and Ballal, 1 9 6 4 ) . 
In India , Mane ( 1 9 8 3 ) f o u n d t ha t yield a n d oil protein contents inc reased 
along wi th increasing N r a t e s f rom 0 to 100 kg /ha . Appl ica t ion of 50 kg P . ,0 5 
* P r e s e n t address : College of Agr icu l ture a n d Ve te r ina ry Medic ine , King S a u d U n i -
vers i ty , Qasseem, Saudi Arab ia . 
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had no effect on yield, oil or protein c o n t e n t s . Armendar iz (1984) o b t a i n e d 
t h e highest y ie ld of saf f lower (1.55 t /ha) w i t h applicat ion of 100 kg N and 
50 kg P2O s , compared wi th 1.03 t in s t a n d s given no N or P . 
H o w e v e r , few fer t i l izat ion exper imen t s were conduc ted on the response 
of the c o m p o n e n t s of sa f f lower plant y i e ld ; t h e number of heads per p l a n t , 
of seeds per h e a d and 100-seed weight, o r which of t h e m are i m p o r t a n t in 
combinat ion t o yield. A h m e d et al. (1985) f o u n d tha t t h e n u m b e r of inf lores-
cences per p l a n t , seed y ie ld , 100-seed w e i g h t and seed pro te in c o n t e n t of 
safflower inc reased by m e a n s of increasing ra tes of app l ied nitrogen f r o m g 
to 60 kg /ha . T h e highest measures were t a k e n from t h e 60 kg N -f- 40 kg 
P 2 0 5 /ha t r e a t m e n t . The o p t i m u m N fer t i l izer ra te for sa f f lower was f o u n d t o 
be quite v a r i a b l e as recorded b y d i f ferent invest igators I t was 75 kg N/ha 
(Nasr et al . , 1978 in L e b a n o n ) , 119 kg N / h a (Nour E l -D in et al., 1983 in 
Egyp t ) and o n l y 59.8 kg N / h a (Sharma a n d Verma, 1982 in India) . 
The ob jec t ives of t h e present s t u d y were : (1) To de t e rmine of r equ i re -
ments of s a f f l ower from t h e t h r e e fertilizer e lements e i ther singly or in combi-
nat ion. (2) T o s tudy the e f f ec t s of increas ing nitrogen levels on seed yie ld , 
yield c o m p o n e n t s and oil a n d protein c o n t e n t . 
Materials and methods 
\ f ield s t u d y was conduc ted in the F a r m of Facu l ty of Agric. , Alexandria U n i v e r s i t v 
during the 1985 a n d 1986 seasons. Ten fertilizer t r e a t m e n t s were inves t iga ted . One was t h e 
check t r e a t m e n t receiving none of t he three m a j o r fertilizers N, P or K . Three t r e a t m e n t s 
were assigned t o t h e three levels of N , e.g. 46, 92 a n d 138 kg/ha. These th ree levels of N were 
combined w i t h P and/or К to c o n s t i t u t e the res t of t r ea tmen t s . T h e y were (46 N -j- 46 P , 0 5 ) , 
(46 N + 46 P . ,0 5 + 25 K,0 ) , (92 N + 46 P ,0 5 ) , (92 N + 46 P„Os + 25 K.,0), (138 N + 46 
P ,0 6 ) . and (138 N + 46 P 2 0 5 - f 25 K , 0 ) . Urea 4 6 % N . trible supe rphospha t e 4 6 % P , 0 5 a n d 
potassium s u l p h a t e 50% K 2 0 were used . Phosphorus ferti l izer was a d d e d before p lan t ing , while 
N was given in t w o application a f t e r planting a n d po tass ium su lpha t e was added a t 50 d a y s 
f rom plant ing . T h e exper imental design was a r a n d o m i z e d complete block with f o u r repl i -
cations. A local saff lower va r i e ty w a s grown. P lo t size was 6 rows w i t h 40 cm a p a r t a n d 4 m 
long. Twen ty p l a n t s per plot were randomly h a r v e s t e d to count t h e n u m b e r of heads /p l an t 
and to weigh t h e seeds/head. T h e i r yields were a d d e d t o the seed yield of the inert f i ve s q u a r e 
meters h a r v e s t e d f rom each cor responding plot. T h e yields of p lots were conveyed to yield 
in kg/ha. T h e h u n d r e d seed w e i g h t (g) and oil a n d protein pe rcen t age were measu red on 
randomly se lec ted seed samples of each plot (А. О. A. C., 1980). A s ta t is t ica l analys is was 
done according t o the procedures as outlined by Cochrane and Cox (1968). 
Results and discussion 
Means of seed yield as affected b y d i f f e ren t ferti l izer t r e a t m e n t s (Tables 
1 and 2) i nd i ca t e tha t 46 k g N/ha wi th or wi thout P h a d no effect on seed 
yield as c o m p a r e d to t h e control t r e a t m e n t . The t r e a t m e n t combining t h e 
same levels of N P in addi t ion to K, however , yielded s ignif icant ly higher t h a n 
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the con t ro l . Application of 46 kg N/lia h a d 110 significant e f fec t on all s tud ied 
t ra i t s excep t weight of seeds/head. T h e significant r e sponse to increased 
ni t rogen levels s tar ted at 92 kg N and no f u r t h e r yield i n c r e m e n t was o b t a i n e d 
from t h e higher level. Similar results were obtained b y Mane (1983), who 
found t h a t yields were increased with increas ing N ra tes f r o m 0 to 100 k g / h a . 
Yields of the t r e a t m e n t s - c o m b i n a t i o n clearly i n d i c a t e t ha t t h e yield 
response was for N as such (Figs 1 and 2) . These resul ts conf i rmed t h o s e of 
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Fig. I. E f f e c t of n i t rogen, p h o s p h o r u s and p o t a s s i u m fertilizer r a t e s o n seed vield of s a f f l o w e r , 
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Knowlcs (1955). A cons iderable yield increase , a l though n o t significant was 
obtained w h e n the t r e a t m e n t combined t h e best N level along with P and 
C* 
J . e.i. 92 kg N + 46 kg P 2 O s + 25 k g K 2 0 . I t is of in t e res t to note t h a t t h i s 
t r ea tmen t h a s almost the h i g h e s t averages of all t rai ts , ind ica t ing the impor-
t a n c e of a ba lanced N P К fertilizers appl ica t ion . 
Table 1 
Seed yield and yield components as affected by nitrogen, phosphorus and potassium 
fertilizer rates, 1985 
No 
N P K 
rates 
(kg/ha) 
Seed yield 
(kg/hu) 
100-seed 
weight 
(g) 
No. of 
heads/plant 
Weight of 
seeds/head 
(g) 
1 00 00 00 812 c* 3.99 с 10.02 b 1.33 e 
2 46 00 00 1028 с 4.10 с 11.25 b 1.51 d 
3 46 46 00 1019 с 4.22 с 11.15 b 1.59 d 
4 92 00 00 1400 ab 4.33 Ьс 13.41 a 1.86 с 
5 92 46 00 1380 ab 4.63 a b 14.02 a 2.09 ab 
6 46 46 25 1107 be 4.69 а 14.37 a 1.81 с 
7 92 46 25 1530 a 4.73 а 14.63 a 2.16 a 
8 138 00 00 1392 ab 4.77 а 13.24 a 1.91 b 
9 138 46 00 1416 ab 4.61 a b 14.21 a 1.85 с 
10 138 46 25 1439 a 4.46 a b c 13.67 a 1.99 abc 
* Means followed by the s a m e let ter are not s ignif icant ly d i f fe ren t according to D u n c a n ' s 
multiple range t e s t at 5% level 
Table 2 
Seed yield and yield components as affected by nitrogen, phosphorus and potassium 
fertilizer rates, 1986 
No 
N P К rates 
(kg/ha) 
Seed yield 
(kg lia) 
100-seed 
weight 
(g) 
No. of 
heads/plant 
Weight of 
seeds/head 
(g) 
1 00 00 00 738 С* 3.86 9.18 с 1.36 f 
2 46 00 00 920 be 4.00 10.20 ef 1.52 ef 
3 46 46 00 916 be 4.17 10.15 be 1.60 de 
4 92 00 00 1182 a 4.31 11.83 ab 1.72 cde 
5 92 46 00 1295 a 4.58 13.15 a 2.10 ab 
6 46 46 25 1078 b 4.62 12.96 a 1.62 d 
7 92 46 25 1330 a 4.68 13.12 a 2.23 a 
8 138 00 00 1160 a 4.70 11.12 abc 1.90 be 
9 138 46 00 1239 a 4.60 12.46 a 1.80 cd 
10 138 46 25 1267 a 4.50 12.23 a b 1.86 с 
* Means followed by the s a m e let ter are not s ignif icant ly d i f ferent according to D u n c a n ' s 
multiple range t e s t a t 5% level 
The yie ld components f o r both successive years a re given in Tables 1 
a n d 2, respect ively . N P К r a t e s were s igni f icant ly a f f e c t e d the three y ie ld 
components d u r i n g the t w o seasons, e x c e p t for 100-seed weight in 1986. 
P combined N significantly increased yield components , especially w i th N 
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more t h a n the 46 kg N / h a . These resu l t s confirmed those of Dath i a n d Ballal 
(1984) and Ahmed et al . (1985), w h o found t ha t phosphorus c o m b i n e d with 
ni t rogen increased t h e seed yield a n d yield c o m p o n e n t s of s a f f lower . The 
highest values f rom these t ra i ts were obtained b y us ing 92 kg N + 45 kg 
P„05 -j- 25 kg K 2 0 , whi le the lowest were produced f r o m zero and 46 kg N. 
wi th or wi thou t phosphorus . These res id ts re f lec ted the responsiveness of 
saff lower to ni trogen fert i l izer more t h a n to phosphorus or potass ium. Similar 
resul ts were found b y Jackson and Kreiziuger (1962) and Mane (1983) has 
r e p o r t e d t h a t saff lower responded t o added n i t rogen. 
Concerning t h e prote in and oil percentages of seed during t h e 1985 
and 1986 seasons (Tables 3 and 4), s ignif icant e f fec t s for N P K r a t e s were 
observed on protein c o n t e n t in b o t h seasons, while oil content w a s signifi-
cant ly affected by N P К in 1985 season only (Tab le 3). As e x p e c t e d , the 
highest values of p ro te in contents were obtained f r o m t h e high levels of nitro-
Table 3 
Protein content (%,) and oil content of safflower seed as affected by nitrogen, 
phosphorus and potassium fertilizer rates 
Protein content Oil content 
NPK (%) (%) 
rates  
(kg/ha) inn. in at 
1 00 00 00 17.25 Ь* 16.30 b 33.65 a 32.11 
46 00 00 17.73 ab 16.52 b 33.32 ab 32.45 
3 46 46 00 17.25 1. 16.32 b 32.70 bc 31.21 
4 92 00 00 18.20 ab 17.70 a 31.04 d 30.62 
5 92 46 00 17.92 ab 16.87 ab 32.53 bc 31.73 
G 46 46 25 17.50 ab 16.45 b 33.17 ab 32.20 
7 92 46 25 17.97 ab 17.31 ab 32.73 bc 31.67 
К 138 00 00 18.53 a 17.63 a 32.34 bc 31.42 
9 138 46 00 18.00 ab 17.05 ab 32.01 cd 31.26 
10 138 46 25 18.20 ab 17.33 ab 31.89 cd 30.91 
* Means followed by t he same letter are no t significantly d i f f e ren t according t o Duncan ' s 
multiple range test at 5 % level 
gen fer t i l izer . On the o t h e r hand, increas ing phosphorus levels did n o t signi-
f i can t ly af fect protein con ten t , bu t t h e relation was negat ive b e t w e e n phos-
phorus and protein c o n t e n t (Werkhoven and Massant in i , 1966). 
T h e oil content of safflower seed was nega t ive ly related w i t h prote in 
con ten t ; accordingly, oil contents s igni f icant ly decreased along with increas ing 
ni t rogen fertilizer levels. 
This s t udy of saf f lower revealed t h a t the m a x i m u m seed y ie ld was 
obtained f r o m the t r e a t m e n t of 92 k g N + 46 kg P 2 0 5 -+- 25 kg K 2 0 / h a , but 
the high cost of fer t i l izer indicates t h a t economically we can fe r t i l i ze saf-
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f l o w e r with 92 k g N + 46 kg P.,05 /ha or 92 k g N/ha only, w i th no highly 
s ignif icant decrease in yields of seed or prote in a n d oil. Also, saf f lower selec-
t i o n programs f o r yield and y i e ld componen t s should he prac t iced under 
convenient fer t i l izer programs in order to solicit a response f r o m t h e selections. 
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E F F E C T OF O X A M Y L ON MAC.RONUTRIENTS O F 
T H E SOIL A N D G R O W T H O F TOMATO P L A N T S 
IN PRESENCE OF MELOIDOGYNE INCOGNITA 
K . P . S I N G H . K . K U M A R I and S . K . S A X E N A 
D E P A R T M E N T OF BOTANY, FACULTY OF LIFE SCIENCES, ALIGARH MUSLIM U N I V E R S I T Y , 
ALIGA RH ( I N D I A ) 
(Received: 30 th J a n u a r y , 1989; a c c e p t e d : 13th F e b r u a r y , 1989) 
T h e effect of o x a m y l on p lan! g r o w t h , popula t ion a n d deve lopment of r o o t - k n o t 
n e m a t o d e Meloidogyne incognita and a v a i l a b i l i t y of N, P a n d К in soil, a m e n d e d with 
d i f f e r en t n i t rogenous fer t i l izers wi th s u p e r p h o s p h a t e a n d po t a s s ium s u l p h a t e , was 
s t u d i e d . T h e best p l a n t g r o w t h was o b s e r v e d at 50 p p m o x a m y l / k g soil t o g e t h e r with 
a decrease in the p o p u l a t i o n and t h e deve lopment of r o o t - k n o t n e m a t o d e . The 
ava i l ab i l i t y of N, P a n d К increased a long w i t h an increase ill the c o n c e n t r a t i o n ot 
o x a m y l u p to 50 p p m . a f t e r 30 days, f o l l owed b y a decrease . 
Keywords : fe r t i l izer , m a c r o n u t r i e n t , Meloidogyne incognita, oxamyl , soil 
Introduct ion 
Considerable l i te ra ture exists on t h e effect of pest icides on the physico-
chemical, biological changes and avai labi l i ty of macro- a n d micronutr ients of 
the soil (Aldrich and Mar t in , 1952; H a n s o n and Nex , 1953; Koike, 1961; 
Smith, 1963; Singhal et al., 1975; El l io t t and E d m u n d s , 1977; Kl iasanova 
et al., 1982; Bayoumi and Waly Taysseer , 1983; Singh and Saxena, 1985 
and Singh et al., 1986). However , there is a pauci ty of information on the 
effect of t h e ca rbamate pesticides on soil properties a n d availability of nu-
t r ients . Therefore , an a t t e m p t has been made to de t e rmine the e f fec t of 
oxamyl /methy l N ' -N ' -d imethyl -N (me thy lca rhomoyl )oxy- l - th iooxamimida te / , 
a widely used systemic nemat ic ide on t h e growth of t o m a t o p lan t s infec-
ted with Meloidogyne incognita and on t h e availability of N, P and K , when 
different n i t rogen sources were incorporated with superphosphate and potassi-
um su lpha te fertilizers. 
Materials and methods 
T h e soil collected at a d e p t h of 0—30 c m f r o m Aligarh M u s l i m Univers i ty f a r m had 
the fol lowing phys ico-chemica l p roper t i e s : s a n d = 33 .1%; l o a m 63 .7%; c lay = 3 . 2 % ; 
p H = 8.30; ЕС. = 1.25 X 1 0 - " m m h o s / c m : o rgan ic m a t t e r = 0 . 2 1 % ; CEC = 9.0 m.e./ioo' g 
soil; hu lk d e n s i t y — 1.07 g /c in 3 ; r e a l specific g r a v i t y = 2.5 g /cm 3 a n d porosity = 57. 
Glazed crocks were f i l led w i t h one kg /po t of t h e a i r -dr ied, c ru shed and s i e v e d soil, 
a m e n d e d w i t h sod ium n i t r a t e , a m m o n i u m s u l p h a t e , a m m o n i u m n i t r a t e and urea s e p a r a t e l y 
as n i t rogen sources : s u p e r p h o s p h a t e as p h o s p h a t e and p o t a s s i u m su lpha te as p o t a s s i u m , 
each at t h e r a t e of 0.5 g/kg soil respect ive ly . T h e soil was later t r e a t e d with o x a m y l a t the 
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r a t e of 5, 10, 50, 100 and 500 p p m / k g soil, separately. Seedlings of t o m a t e (cult ivar marglobe) , 
g r o w n in autoc laved soil, were t r a n s p l a n t e d in each p o t and inocula ted with 1000 second 
s t a g e juveniles of M. incognita. T h e p o t s tvere then r a n d o m l y arranged o n greenhouse bench . 
A f t e r 60 days the p l a n t s were u p r o o t e d and the f resh weight and n e m a t o d e population were 
de te rmined . The soil was analysed f o r available N, P a n d K. P lan ts g r o w n in nemat ic ides-
t r e a t e d , unfertilized soil and those uninocula ted wi th nematode serve as control. 
The isolation of nematodes f r o m soil was done b y Oostenbr ink 's e l u t r i a t o r with B e a r i n a u 
f u n n e l (Southev, 1970) and f rom r o o t s b y varying b l e n d e r (Stemurding, 1963). 
The avai lable N, P and К w e r e determined b y me thods of p r o p o s e d by Subbiah a n d 
A s i j a (1956), Olsen e t al. (1954) a n d Jackson (1958) respectively. 
R e s u l t s and discussion 
When t h e soil was a m e n d e d with d i f f e r en t n i t rogenous fertilizers as 
n i t rogen sources, and supe rphospha t e as phosphorous , and potass ium su lpha t e 
a s potassium, t h e highest i nc r ea se in plant g rowth was observed at 50 p p m 
o x a m y l per kg in the control a s well as in all t h e amended soils. At 500 p p m , 
a decrease in p l a n t growth w a s observed, a n d the p lan t s exhibi ted p h y t o -
t o x i c i t y in the f o r m of marg ina l leaf scorching. Amongst t h e fertilizers, m a x i -
m u m growth w a s recorded w i t h urea, followed by a m m o n i u m ni t rate , a m m o -
n i u m sulphate a n d sodium n i t r a t e (Table 1). 
The popu l a t i on of r o o t - k n o t nematode larvae and t h e i r deve lopment 
in roots decreased in p ropor t ion to the increas ing dose of oxamyl , with t h e 
h ighes t reduct ion a t 500 p p m in all the t r e a t m e n t s (Table 1). W h e n the ave rage 
reduc t ion in n e m a t o d e p o p u l a t i o n was considered in fer t i l ized soils, t h e 
decrease in n e m a t o d e popu l a t i on follows th i s order : 
Urea > N H 4 N 0 3 > ( N H 4 ) 2 S 0 4 > N a N 0 3 
T h e high tox ic i ty of urea m a y be due to the release of a m m o n i u m ious d u r i n g 
decomposi t ion (Oteifa , 1955). T h e results a r e in ag reemen t with U p a d h y a 
(1969); Khan (1981) and P a n t (1983). T h e possibility of osmotic p ressure 
genera ted by a m m o n i a so lu t ion (Yassallo, 1967), and the fo rma t ion of s o m e 
complexes w i th cer ta in soil componen t s ( N o r t o n . 1978) enhanc ing the n e m a -
t o d e effect, c a n n o t he ignored. A n examina t ion of the roots show ed n e m a t o d e 
gal l formation w h e n plants w e r e grown in oxamyl- f ree soil. 
An examina t ion of d a t a presented in t a b l e 2 reveals t h a t , i m m e d i a t e l y 
a f t e r t r ea tmen t of soil wi th o x a m y l in fer t i l ized soil, t h e availabil i ty of N 
increased in t h i s order: 
(NH 4 ) ,S0 4 > N H 4 N 0 3 > U r e a > N a N 0 3 
T h e r e was no mate r i a l effect of oxamyl concent ra t ion on t h e availabil i ty of 
N a t first, b u t a f t e r 30 days of application of oxamyl, t h e availabil i ty of N 
increased and the rea f t e r i t invar iab ly decl ined . The m a x i m u m increase in 
avai lable N w a s recorded u p t o 50 ppm in all the t r e a t m e n t s , followed b y 
a reduction w i t h a fu r ther r i se in concent ra t ion . Af ter 60 days there w a s 
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Table 1 
Effect of oxamyl on growth of tomato plant and population of \Г. incognita 
Тш-rrase ( • ) decrensc ( ) 
Dosage of oxamyl o v e r control 
p p m kg — ' * - ; 
Population of .Vf. incognita Fresh weight 
Co) (%) 
Control 
nematode 0 0.0 0.0 
nematode 0 + 125.4 0.0 
10 - 4 5 . 5 + 06.7 
50 - 5 8 . 6 + 15.4 
100 - 7 0 . 9 +02 .7 
500 - 8 0 . 2 +09 .5 
N a N O j + SP J- KsSO, 
N o nematode 0 0.0 0.0 
nematode 0 —35.5 —08.15 
10 - 6 2 . 5 +14.67 
50 - 8 2 . 1 +26 .09 
100 - 8 8 . 1 +15.27 
500 - 9 7 . 4 +8 .15 
( N H 4 ) 2 S 0 4 + S P 1- KoS0 4 
nematode 0 0.0 + 34.81 
nematode 0 — 56.5 - 0 9 . 8 9 
10 60.0 +03 .85 
50 - 7 0 . 4 + 28.57 
100 - 8 3 . 7 + 20.33 
500 - 9 0 . 0 - 0 9 . 8 9 
N H 4 N O 3 + SP + K ,SO 4 
N o nematode 0 0.0 +57 .03 
nematode 0 —51.1 —06.13 
10 - 6 1 . 1 +04 .24 
50 - 7 5 . 3 +31 .13 
100 - 8 7 . 4 +12 .26 
500 - 9 8 . 0 - 1 1 . 7 9 
U r e a + SP + K , S 0 4 
N o nema tode 0 0.0 20.74 
nema tode 0 —68.5 —02.45 
10 - 7 0 . 0 +03 .68 
50 - 7 9 . 2 + 4 2 . 3 3 
100 - 8 5 . 6 +19 .14 
500 - 9 0 . 9 - 0 3 . 6 8 
a general decrease in available N b u t the ava i lab i l i ty was h ighe r then the 
ava i lab i l i ty at the beginning of all t h e t r ea tmen t s . T h e percentage of available 
N a t 50 ppm o x a m y l was 
U r e a > N H 4 N 0 3 > (NH4)2S04 > N a N 0 3 
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The p e r c e n t increase of available N Avith respect to dose after 30 a n d 60 days 
Avas also calculated a n d is summar ized in Table 2. T h e effect of dose was 
m a x i m u m in control fol lowed by N a N 0 3 , Urea, ( N H 4 ) 2 S 0 4 and N H 4 N 0 3 after 
30 days at 50 ppm dose , while t ha t of the m a x i m u m dose after 60 days , the 
effect Avas observed iu cont ro l and m i n i m u m u r e a - a m e n d e d soils. T h e percent 
increase of available N Avith respect t o dose follows t h e order of 50 p p m > 100 
ppm > 10 p p m > 5 0 0 p p m in all t h e t r ea tmen t s , excep t control. 
T h e increase in aAailable N m a y be due to an increase in ni t r i fying 
bacter ia in the soil, as a result of t h e decrease in n e m a t o d e popu la t ion , Avhich 
might b e iri part responsible for i m p r o v e plant g r o w t h (Charles a n d Paul, 
1958). Similar results Avere reported b y Singlial and S ingh (1974) whi le s tudying 
the e f fec t of nemagon on soil n u t r i e n t s . Beyond 30 days , howe\ rer, t h e effect 
of o x a m y l declined, resu l t ing in a consequent r e d u c t i o n of ava i lab le N. The 
decrease in available N af te r 60 d a y s m a y also he d u e in part t o t h e escape 
of chemical ly and biologically p roduced N from the soil into the a tmosphere 
as well as the gradual decomposi t ion of oxamyl in to t h e soil. 
Immedia t e ly a f t e r t r ea tment w i t h oxamyl in fertilized soil, t h e per-
centage of available P increased (Table 3). The a \ a i labi l i ty of P wss n o t mate-
rially a f fec ted by t h e concent ra t ion of oxamyl at f i r s t , hut af ter t h e soil was 
amended with N a N 0 3 , (NH4)2S04 , N11 4N0 3 and Urea , the pe rcen tage of 
avai lable P increased up to 50 pp in compared Avith the u n a m e n d e d soil. 
Af ter 30 days, the m a x i m u m ava i lab i l i ty of P was observed at 10 ppm in 
control and at 50 p p m in amended soil . On the basis of percent increase , the 
m a x i m u m P ava i lab i l i ty Avas obse rved in (NH4) . ,S04 followed ЬА N a N 0 3 , 
I S H 4 N 0 3 and Urea. A f t e r 60 days t h e r e Avas a general decrease in P avai labi l i ty 
Avhen compared w i th t h a t at 30 daArs, but it was higher than t h a t at the 
beginning . The order of availabil i ty Avith respect t o dose follows th i s order: 
10 p p m > 5 0 p p m > 1 0 0 p p m > 500 ppm in control; 
50 p p m > 1 0 p p m > 1 0 0 p p m > 500 p p m in N a N 0 3 , (NH 4 ) 2S0 4 , 
N H 4 N 0 3 and U r e a amended soils . 
T h e increase in P availabil i ty m a y he due t o the s t imula t ion in groAvth 
and a c t i v i t y of micro-organisms (Alexander , 1961) or could be d u e to the 
absorp t ion of o x a m y l on soil colloids, resulting in a hindrance t o phosphate 
abso rp t ion . These f i n d i n g s agree closely Avith Wins ley (1953) a n d Martin 
et al . (1957). Lorenz and Johnson (1953) also observed t ha t m o r e P Avas 
released wi th ac id - fo rming n i t rogenous fertilizers. T h e decrease in P ЭА ailabil-
ity a t a higher concen t ra t ion of o x a m y l may be d u e to chemical degradat ion 
fol lowed by the b a c t e r i a l reduct ion of the aAailable P to t h e unavai lable 
phosph ine . 
Tali le 4 shows t h a t the ava i l ab le К increased in amended soil with 
m a x i m u m iu N H 4 N 0 3 followed by N a N 0 3 , Urea a n d (NH 4) ,S0 4 a t zero days. 
Af te r 30 days of o x a m y l appl icat ion, the percent of К avai labi l i ty increased 
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Table 2 
Effect of oxamyl on the available nitrogen of the soil in presence of different 
fertilizers at various days 
Available N at various % increase at % increase and decrease 
Dosage of ovamyl/kg days in mg/kg soil various days with respect to dose 
0 30 60 30 60 0 30 60 
Control 
nematode 0 10.08 11.76 11.20 11.57 11.11 0.00 0.00 
nematode 0 10.08 11.76 11.20 11.57 11.11 0.00 0.00 
10 10.08 12.86 12.44 27.58 23.41 9.35 11.07 
50 10.08 13.02 12.74 29.17 26.39 0.0 10.71 13.75 
100 10.08 12.88 12.32 27.78 22.22 9.52 10.55 
500 10.08 12.74 12.04 26.39 19.44 8.33 7.50 
N a N 0 3 + SP + K2SO1 
nematode 0 12.04 14.26 13.02 18.43 8.14 0.00 0.00 
nematode 0 12.04 14.26 13.02 18.43 8.14 0.00 0.00 
10 12.04 15.16 13.16 25.91 9.30 19.44 6.31 1.08 
50 12.04 15.66 13.86 30.07 15.12 9.82 6.45 
100 12.04 15.27 13.72 26.83 13.95 7.08 5.37 
500 12.04 14.98 12.88 24.42 6.98 5.05 — 1.07 
(NH 4 ) 2 S0 4 + SP -1 K 2 S 0 4 
nematode 0 13.16 16.80 15.26 27.66 15.96 0.00 0.00 
nematode 0 13.16 16.80 15.26 27.66 15.96 0.00 0.00 
10 13.16 17.08 15.40 29.78 17.02 2.02 0.92 
50 13.16 17.50 16.24 32.97 23.40 30.55 4.16 6.42 
100 13.16 17.36 15.84 31.91 20.36 3.33 3.80 
500 13.16 16.16 14.42 22.80 9.57 - 3 . 8 1 — 5.50 
NH 4 NO 3 + SP + K 2 S0 4 
nematode 0 12.43 16.05 13.86 29.12 11.50 0.00 0.00 
nematode 0 12.43 16.05 13.86 29.12 11.50 0.00 O.OO 
10 12.43 16.24 14.00 30.65 12.63 1.18 1.01 
50 12.43 16.59 15.12 33.47 21.64 23.31 3.36 9.09 
100 12.43 16.38 14.93 31.78 20.11 2.06 7.72 
500 12.43 15.40 13.13 23.89 5.63 - 4 . 0 5 —5.27 
Urea + SP -f K2S04 
nematode 0 12.32 15.76 14.42 27.92 17.05 0.00 0.00 
nematode 0 12.32 15.76 14.42 27.92 17.05 0.00 0.00 
10 12.32 16.24 14.70 31.82 19.32 3.05 1.94 
50 12.32 16.50 15.26 33.92 23.86 22.22 4.69 5.82 
100 12.32 16.27 15.12 32.06 22.72 3.24 4.85 
500 12.32 15.26 14.28 27.92 15.90 - 3 . 1 7 — 0.97 
in all the t r e a t m e n t s and a t 50 p p m it follows t h e order of N a N 0 3 > ( N H 4 ) 2 S 0 4  
> Urea > N H 4 N 0 3 control . The , after 60 days , the К avai labi l i ty dec l ined . 
T h e m a x i m u m percentage of К avai labi l i ty with r e s p e c t to dosage w a s 
observed in N a N 0 3 followed b y (NH 4 ) 2 S0 4 , Urea, N H 4 N 0 3 and cont ro l a t 
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Table 3 
Effect of oxamyl on the available phosphorus of the soil in presence of different 
fertilizers at various days 
Available P at various % Increase at % Increase and decrease 
Dosage of oxamyl/kg daye in m g / k g soil various days wi th respect to dose 
son 
0 30 60 30 60 0 30 60 
Control 
nematode 0 1.32 1.82 1.68 37.88 27.27 0 . 0 0 0 . 0 0 
nematode 0 1.32 1.82 1.68 37.88 27.27 0 . 0 0 0 . 0 0 
10 1.32 2.50 1.75 89.39 32.58 0 . 0 0 37.36 4.17 
50 1.32 2.20 1.95 66.66 47.73 20.87 16.07 
100 1.32 1.98 1.60 50.00 21.21 8.79 — 4.74 
500 1.32 1.72 1.50 30.30 13.64 5.49 - 1 0 . 7 1 
N a N 0 3 + SP + K 2S0 4 
nematode 0 2.05 2.96 2.52 44.39 22.92 0 . 0 0 0 . 0 0 
nematode 0 2.05 2.96 2.52 44.39 22.92 0 . 0 0 0 . 0 0 
10 2.05 3.26 2.94 59.02 58.04 10.13 16.66 
50 2.05 3.62 3.28 76.58 60.00 55.30 22.29 30.15 
100 2.05 3.04 2.20 48.29 7.31 2.70 - 1 2 . 6 9 
500 2.05 2.96 2.20 44.39 7.31 0 . 0 0 - 1 2 . 6 9 
(NH 4 ) 2 S0 4 - SP ! K , S 0 4 
nematode 0 2.53 4.24 3.16 67.58 24.90 0 . 0 0 0 . 0 0 
nematode 0 2.53 4.24 3.16 67.58 24.90 0 . 0 0 0 . 0 0 
10 2.53 4.64 3.56 83.39 40.71 9.43 12.65 
50 2.53 5.00 4.84 97.62 91.30 91.66 17.92 53.16 
100 2.53 4 .16 3.80 64.42 50.19 - 1 . 8 8 20.25 
500 2.53 2.64 2.24 4.34 11.46 - 3 7 . 7 3 - 2 9 . 1 1 
N H 4 N O 3 + SP + K,SO4 
nematode 0 2.39 3.38 2.84 41.42 18.82 0 . 0 0 0 . 0 0 
nematode 0 2.39 3.38 2.84 41.42 18.82 0 . 0 0 0 . 0 0 
10 2.39 3.72 3.00 55.64 25.52 10.05 5.63 
50 2.39 3.97 3.76 64.01 57.32 81.06 15.97 32.39 
100 2.39 2.82 2.54 17.99 6.27 - 1 6 . 5 6 - 1 0 . 5 6 
500 2.39 2.76 2.24 15.48 - 6 . 2 7 - 1 8 . 3 4 - 2 1 . 1 2 
Urea - f SP + K,S04 
nematode 0 2.04 2.88 2.60 41.17 27.45 0 . 0 0 0 . 0 0 
nematode 0 2.04 2.88 2.60 41.17 27.45 0 . 0 0 0 . 0 0 
10 2.04 3.04 2.80 49.01 37.25 5.55 7.69 
50 2.04 3.24 2.88 58.82 41.17 54.55 12.50 10.76 
100 2.04 2.76 2.38 35.29 16.66 - 4 . 1 6 — 8.46 
500 2.04 2.60 2.26 27.45 10.78 - 1 0 . 7 6 - 1 3 . 0 7 
50 ppm, b o t h a t 30 and 60 d a y s ; but in u r e a amended soil this increase w a s 
higher t h a n a t 60 days. Th i s increase m a y b e due to t h e solubilization e f fec t s 
caused by ce r t a in soil f u n g i and bacter ia which decomposed the a l u m i n o -
silicatc minera l , thus re leas ing a portion of К contained the re in . Some of t h e 
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Table 4 
Effect of oxamyl on the available potassium of the soil in presence of different 
fertilizers at various days 
Available К at various % Increase at % Increase anil decrease 
Dosage of oxamyl og/kg days in ing/kg aoil various day wi th respect to dose 
soil  
Control 
nematode 0 49.0 51.0 49.12 4.08 0.24 0.00 0.00 
nematode 0 49.0 51.0 49.12 4.08 0.24 0.00 0.00 
10 49.0 53.0 51.0 8.16 4.08 3.92 3.82 
50 49.0 56.0 52.0 14.28 4.08 0.00 9.80 5.86 
100 49.0 51.0 49.12 4.08 0.24 0.00 0.00 
500 49.0 51.0 49.12 4.08 0.24 0.00 0.00 
N a N 0 3 + : SP + K.SO, 
nematode 0 51.42 64.0 52.0 24.46 1.12 0.00 0.00 
nematode 0 51.42 64.0 52.0 24.46 1.12 0.00 0.00 
10 51.42 78.0 61.0 51.69 18.63 4.93 21.87 17.30 
50 51.42 104.0 68.0 102.25 32.24 62.50 30.76 
100 51.42 94.0 67.0 82.80 30.29 46.87 28.84 
500 51.42 76.0 62.5 47.80 21.54 18.75 20.19 
(NH 4 ) 2 S0 4 + SP f- K,SO, 
nematode 0 49.12 64.0 56.0 30.29 14.00 0.00 0.00 
nematode 0 49.12 64.0 56.0 30.29 14.00 0.00 0.00 
10 49.12 70.0 56.0 42.50 14.00 9.375 0.00 
50 49.12 92.0 80.0 87.29 62.86 0.24 43.75 42.85 
100 49.12 88.0 78.0 79.15 58.79 27.27 39.28 
500 49.12 78.0 64.0 58.79 9.93 21.87 14.28 
N H 4 N O 3 R - SP + K,SO4 
nematode 0 53.67 71.0 53.0 32.28 - 1 . 2 4 0.00 0.00 
nematode 0 53.67 71.0 53.0 32.28 — 1.24 0.00 0.00 
10 53.67 86.0 53.0 60.23 - 1 . 2 4 22.12 0.00 
50 53.67 90.0 64.0 67.69 19.24 9.53 26.76 20.75 
100 53.67 88.0 63.0 63.96 17.38 23.94 18.86 
500 53.67 76.0 40.0 41.60 -25.47 7.04 - 24.52 
Urea + S P + K2S04 
nematode 0 50.25 64.0 55.0 27.36 8.63 0.00 0.00 
nematode 0 50.25 64.0 55.0 27.36 8.63 0.00 0.00 
10 50.25 78.0 57.0 55.22 13.43 21.87 3.63 
50 50.25 87.0 82.0 73.13 63.18 2.48 35.93 49.09 
100 50.25 84.0 62.0 67.16 23.38 31.25 12.72 
500 50.25 61.0 57.0 21.39 13.43 21.39 3.63 
К might have been released f r o m the clay minerals by a s h i f t of equi l ibr ium 
between t h e soluble and insoluble forms, s ince micro-organisms are r e s p o n -
sible for r e m o v i n g cations f r o m solution. T h e decrease in availabil i ty a f t e r 
60 days m a y he due to t h e gradual loss of activity a n d disintegrat ion of 
oxamyl in t h e soil. 
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S u m m a r y 
W h e n soil was amended wi th different n i t r o g e n sources, n a m e l y N a \ 0 ; . ( N H Q . S O , 
N H t N O j and U r e a incorporated w i t h superphospha te , and po tass ium sulphate with d i f f e r e n t , 
concentra t ions of oxamyl. the highest increase in p lan t growth w a s observed at 50 p p m 
oxamyl per kg soil in all the t r e a t m e n t s . The p o p u l a t i o n of roo t -knot nematode dec reased in 
proportion to t h e increasing dosage of nematicide. Hea l thy g rowth a n d root sys tems cou ld 
be positively corre la ted to released nutr ients caused b y 50 ppm o x a m v l / k g soil. These e f f e c t s 
were due to t he nematicidal ac t ion of oxamyl a long with the e l im ina t i on of gall f o r m a t i o n 
f rom the roo ts . 
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E V A L U A T I O N O F R A P E - S E E D P O T E N T I A L AS 
A F F E C T E D BY R O W SPACING A N D N I T R O G E N 
F E R T I L I Z A T I O N 
F A T H Y S . E L - N A K H L A W Y and M O H A M E D A . E L - F A W A L 
AGRONOMY AND R A N G E SCIENCE D E P A R T M E N T , COLLEGE OF AGRICULTURE A N D VETERINARY 
MEDICINE, KING SAUD U N I V E R S I T Y QASSIM BRANCH, SAUDI A R A B I A 
( R e c e i v e d : 26th J a n u a r y 1989: accep ted : 12th April 1990) 
The e f f e c t s of ni t rogen fe r t i l i ze r levels a n d row spacing on yie ld , yield com-
ponents and oil c o n t e n t of r a p e seed (Brassica napus L . ) were s t u d i e d d u r i n g 1985 a n d 
1986 in the A l - Q a s s i m region of A r a b i a , using a s p l i t - p l o t design. T h e m a i n t r e a t m e n t s 
were four n i t r o g e n fer t i l izat ion levels (85, 131, 177 and 223 kg N / h a ) and subp lo t 
t r e a t m e n t s w e r e t h r e e row s p a c i n g (20, 30 and 40 c m ) . The seed yie ld a n d the n u m b e r 
of f ru i t s /p lan t were s igni f icant ly a f fec ted by n i t r o g e n and row s p a c i n g t r e a t m e n t s , 
while no s i g n i f i c a n t di f ferences were detected f o r p l a n t height a n d oil conten t . T h e 
t r e a t m e n t of 177 kg Na/ha w i t h 40 cm row s p a c i n g produced t h e h ighes t seed yield. 
Keywords : rape , Brassica napus L., seed y i e ld , oil con ten t , soil spac ing , n i t rogen 
fert i l ization 
Introduction 
The i m p o r t a n c e of vege tab le oil as a h u m a n food is qu i t e indisputable . 
W orld product ion was almost t h r e e quarters of all oil of biological origin. Iu 
t h e las t decade, vege tab le oil p r o d u c t i o n has increased by as m u c h as 50% and 
t h e contr ibut ion of perennial a n d tropical c rops lias decreased in favour of 
a n n u a l t empera te oil crops. The t h r e e major oi l -producing crops are now in t h e 
o r d e r of their i m p o r t a n c e : s o y b e a n , sunflower and oil-seed r ape (Brassica 
napus L.). These t h r e e crops p r o d u c e d 24 million tons of oil, which was 5 5 % 
of t h e tota l p roduc t ion (Mielke 1980). 
Nitrogen fer t i l izer studies o n oil-seed r ape have clearly shown that t h e 
increase in n i t rogen ra te raises t h e yield of seed and oil, b u t lowers the oil 
c o n t e n t (Osborne a n d Bat ten 1978. Sotomayor 1978, Joa rde r 1983 and Nor-
d e s t g a a r d et al. 1983). The h ighes t seed yield w a s obtained f r o m the ra te of 
202 kg N/ha (Rid ley 1973) and 187 kg N/ha ( H o l m e s and Ainsley 1975). Trials 
in E u r o p e indicated t h a t there is l i t t le difference in yield be tween very close 
rows of 12 cm a n d broadcas t ing . R o w widths of 18-24 cm and 36-50 cm are 
c o m m o n l y used, h u t where v igorous weed g rowth is expected w h e n rape seed-
l ings are young, w ide r rows al low greater ease of access wi th less danger of 
p l a n t damage (Weiss 1984). Dr i l l ing produced h igher seed yields than broad-
c a s t i n g in Canada, t h e increase be ing greatest a t low seed r a t e s (Clarke et al. 
1978). Daniels e t al . (1980) r e p o r t e d that this p l an t has the abi l i ty to com-
p e n s a t e for low p l a n t popula t ion . 
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This s tudy was conduc ted to e v a l u a t e the rape seed potent ia l , as affected 
by n i t rogen fert i l izat ion and row spac ing , under Al-Qassim condit ions. 
Materials and methods 
T h e f ie ld e x p e r i m e n t s w e r e carr ied o u t a t t h e Agr icu l tu ra l E x p e r i m e n t S t a t i o n , College 
of A g r i c u l t u r e and V e t e r i n a r y Medicine, K i n g S a u d Univ . , A l - Q a s s e e m , K i n g d o m of Saudi 
A r a b i a d u r i n g t h e 1984/85 a n d 1985/86 g r o w i n g season. The soil w a s a sandy , t o r r i p s a m m e n t s 
t y p e . T h e t r e a t m e n t s were i m p o s e d in a s p l i t p l o t design w i t h f o u r rep l ica t ions . M a i n plots 
cons i s t ed of f o u r n i t rogen fe r t i l i ze r levels, i .e . 85, 131, 177 a n d 223 kg N/ha . S u b p l o t s com-
pr ised t h r e e row spacings of 20, 30 and 40 e m . One- th i rd of e a c h n i t rogen level w a s applied 
be fo re p l a n t i n g ; one - th i rd a b o u t 5 weeks a f t e r p l an t ing , and t h e r e m a i n d e r a b o u t 8 weeks 
a f t e r p l a n t i n g . The source of N used was u r e a ( 4 6 % N), t he c u l t i v a r was Cressor , a n d each 
s u b p l o t w a s 3 x 5 m. T w e n t y m a t u r e p l a n t s of each subplo t w e r e h a r v e s t e d a t r a n d o m and 
t h e fo l lowing charac te r i s t i c s were m e a s u r e d : p l a n t he ight (em) , n o . of b r a n c h e s / p l a n t and no. 
of f r u i t s / p l a n t . Twelve s q u a r e m e t e r s were h a r v e s t e d f rom each s u b p l o t and seed y ie ld was 
ca l cu l a t ed in kg /ha . T h e oil c o n t e n t of s eeds ( % ) was d e t e r m i n e d on r a n d o m l y se l ec t ed seed 
s a m p l e s of each subp lo t , u s i n g t h e SoxMet -me thod (AOAC 1980) . T h e s t a t i s t i c a l analyses 
a p p r o p r i a t e t o t he sp l i t -p lo t des ign were d o n e acco rd ing to t he p r o c e d u r e s ou t l ined b y Cochrane 
and Cox (1968). 
Results and discussion 
Seed yield 
Analyses of var iance results of t h e 1985 and 1986 seasons showed signifi-
can t e f fec t s of n i t rogen fertil izer a n d row spacing, as well as t h e in terac t ion 
be tween ni trogen fer t i l iza t ion and row spacing on seed yield/ha (Tallies 1 and 
4). T h e r a p e seed yield s ignif icant ly increased with an increasing appl ica t ion of 
n i t rogen fertilizer, u p to 177 kg N/ha . Nitrogen ra te h igher than th i s produced 
n i t rogen addit ional seed yield increase dur ing both seasons (Tables 2 and 5 
and F igures 1 and 2). Similar resu l t s were ob ta ined b y Ridley, 1973 and 
Holmes ans Airsley, 1975. 
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Fig. 1. I n f l u e n c e of n i t r o g e n fer t i l izer a n d r o w spacing on r a p e - s e e d yield ( k g h a ') , 1985 
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Fig. 2. In f luence of n i t r o g e n fe r t i l i ze r a n d row spac ing o n rape-seed y ie ld (kgha '). 1986 
With respect t o the i n f luence of row spac ing on seed y ie ld , significant 
increases were de tec ted in seed yield and the h ighes t seed yield was obtained 
us ing 40 cm row spacing (Tables 2 and 5). Th i s result was p robab ly due t o 
r a p e p l a n t s in t h e wider spaces bea r ing more b r anches and f ru i t s , and had t h e 
ab i l i t y to compensa te for low p l a n t populat ion (Daniels et al. 1980). 
Table 1 
Analysis of variance summary for the seed yield, yield components, plant height and oil 
content of rape-seed 1985 
Source of variation df+ 
Seed 
yield/ha 
No of 
fruits/plant 
N o of 
branches/ 
plant 
Plant 
height 
Oil 
content 
Blocks 3 
Nitrogen ( N ) 3 * * * • * NS * 
Error a 9 
Row spac ing 
(S) 2 * * * * * * NS N S 
N X S 6 * * • • N S NS NS 
Error b 24 
*• ** S igni f ican t a t 0 .05 a n d 0.01 level, r e spec t ive ly . 
d f + = Degrees of f r e e d o m . 
NS = N o t s ignif icant . 
Nitrogen levels IkgN-ha"') 
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Table 2 
The effect of nitrogen fertilizer and rote spacing on seed yield, yield components, 
plant height and oil content of rape-seed 1985 
Treat- . No of fruits/ No of branches/ Plant height Oil content 
menls S , , e d y " l d ( k S , h a ) plant plan! (em) (%) 
Nitrogen fertilizer (kgN/ha): 
85 1038.93 C* 74.76 С 4.52 С 81.3 44.4 A 
131 1141.30 В 84.06 В 5.57 В 83.2 43.10 AB 
177 1198.60 А 89.73 А 6.37 А 83.4 41.20 ВС 
223 1195.30 A B 87.03 A B 6.17 А 83.7 40.40 ВС 
Rote spacing ( cm) : 
20 1099.8 b 76.4 b 4.36 b 83.4 42.27 
30 1146.6 ab 84.16 a 5.81 a 83.0 42.10 
40 1184.2 a 90.47 a 6.73 a 82.3 42.55 
* Means followed by t h e same letter are not significantly d i f ferent by Duncan ' s multiple 
range test at p = 0.05. 
Referr ing to t h e effect of t h e interact ion b e t w e e n ni trogen fertilizer 
and row spacing on seed yield, o b t a i n e d da ta po in t ed out t ha t t h e highest 
seed yield was achieved f rom 177 and 223 kg N/ha w i t h 40 cm row spacing, 
followed by 177 kg N/ha with 30 cm row spacing, whereas the lowest seed 
Table 3 
The effect of combinations of nitrogen fertilizer and rote spacing on seed yield, yield 
components, plant height arid oil content of rape-seed. 1985 
Nitrogen 
levels 
(kg.N/ha) 
Row 
spacing (cm) 
Seed yield 
(kg/ha) 
N o of 
fruits/plant 
No of 
branches/ 
plant 
Plant height 
(cm) 
Oil 
content 
<°o> 
20 998.2 f* 69.1 e 3.36 82.2 44.5 
85 30 1018.5 f 75.5 de 4.80 81.5 43.8 
40 1100.1 e 79.7 cd 5.4 80.4 44.9 
20 1070.3 e 72.6 ede 4.10 83.7 42.8 
131 30 1173.6 cd 87.5 abc 5.72 83.3 42.7 
40 1180.0 cd 92.1 ab 6.90 82.6 43.9 
20 1160.2 d 83.3 bed 4.81 83.9 41.6 
177 30 1205.1 abc 89.5 abc 6.60 83.3 41.3 
40 1230.7 a 96.4 a 7.42 83.1 40.9 
20 1170.5 cd 80.b ed 5.18 84.0 40.2 
223 30 1189.5 bed 86.8 abc 6.12 83.9 40.6 
40 1225.9 ab 93.7 a 7.22 83.3 40.5 
* Means followed by t h e same let ten a re no t significantly d i f f e ren t by D u n c a n " s mul-
t iple range test a t p 0.05 
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Table 4 
Analysis of variance summary for the seed yield, yield components, plant height and oil 
content of rape-seed. 1986 
Seed No of N o o 1 Plant OU 
Souree of variation df+
 y i e | d / h a fruits/plant j ^ " ' 5 ' height content 
N S 
N S 
N S 
*• ** S ign i f i can t a t 0.05 and 0.01 level, respec t ive ly . 
d f + Degrees of f reedom. 
N S : \ot s i g n i f i c a n t . 
yie ld /ha was p r o d u c e d from 85 k g N/ha with 20 cm row spacing (Tables 3 
and 6). 
Plant characters 
The a m o u n t of frui ts and braches/plant was signif icantly affected by 
n i t rogen and row spacing in 1985, b u t only by row spacing in 1986. The [»laut 
he igh t was s ign i f ican t ly affected b y nitrogen and row spacing only in 1986 
(Tables 1 and 4). T h e greatest p roduc t ion of f ru i t s /p lan t was ob ta ined f rom 
the levels of 177 or 223 kg N/ha, while the least was from the lowest ni t rogen 
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Fig. 3. E f fec t of n i t r o g e n ferti l izer a n d row spac ing o n oil pe r cent of r ape - seed , 1985 
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Table 5 
The effect of combination of nitrogen fertilizer and row spacing on seed yield, yield components, 
plant height and oil content of rape-seed. 1986 
Seed yield No of No of Plant height Oil content 
(kg/ha) fruits/plant branches/plant ( c m ) (°o) 
Nitrogen fertilizer (kgNfha): 
85 912.42 I)* 73.81 В 4,06 76.43 В 42.89 
131 1050.60 С 77.01 В 4.08 76.66 В 43.43 
177 1291.69 A 79.90 AB 4.51 78.33 AB 42.77 
223 1199.48 В 86.42 A 4.52 80.30 A 39.35 
Row spacing (cm) : 
20 995.71 b 71.82 С 3.52 С 80.02 a 42.16 
30 1158.73 a 78.33 b 4.31 b 77.30 b 41.36 
40 1113.55 a 87.70 a 5.01 a 76.47 b 42.90 
* Means followed by the same let ter are not significantly different by Duncans ' s multiple 
range test a t p = 0.05. 
Table 6 
The effect of combinations of nitrogen fertilizer and row spacing on seed yield, yield 
components, plant height and oil content of rape-seed. 1986 
Nitrogen 
levels 
(kgN/ha) 
Row 
spacing 
(em) 
Seed vield 
(kg/h.) 
No of 
fruits, plant 
N o of 
branches/ 
plant 
Plant height 
(cm) 
Oil 
contet 
<%) 
20 884.0 f* 66.50 h 3.23 79.5 42.30 
85 30 926.8 ef 71.90 g 4.10 75.2 42.27 
40 926.4 ef 83.03 d 4.80 74.6 44.43 
20 997.8 ef 65.47 h 3.20 79.2 45.47 
131 30 1203.4 с 79.30 e 4.36 76.8 41.07 
40 950.4 ef 86.27 с 4.66 74.0 43.77 
20 1062.4 de 74.10 f 4.10 79.7 41.93 
177 30 1316.2 b 76.43 f 4.30 78.5 42.33 
40 1496.4 a 89.17 b 5.06 76.8 44.03 
20 1038.5 e 81.23 de 3.56 81.7 38.93 
223 30 1186.2 cd 85.70 с 4,46 78.7 39.70 
40 1373.6 a 92.33 a 5.53 80.5 39.37 
* Means followed b y the same let ter are not significantly different by Duncan ' s multiple 
range test a t p = 0.05. 
level in bo th seasons. The amount of b ranches /p lan t was also affected b y nitro-
gen, similar to t h a t of f ru i t s /p lan t . The p lant he igh t responded pos i t ive ly to 
n i t rogen ferti l izer, so t h a t the g rea tes t p lan t he igh t was obtained f r o m the 
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Fig. 4. E f f e c t of n i t rogen f e r t i l i z e r and row s p a c i n g on oil per c e n t of rape-seed, 1986 
highest n i t rogen le te l a n d t h e shortest p l a n t s were p r o d u c e d from the lesser 
nitrogen levels (Tables 2 a n d 5). With respec t to the in f luence of raw s p a c i n g 
on the p l a n t characters , s ignif icant increases were n o t e d in the n u m b e r of 
fruits and branches /p lan t w h e n row spac ing increased, b u t the plant h e i g h t 
s ignif icant ly decreased w i t h greater row spacing f r o m 20 cm in 1986. As 
expected t h e product ion of f ru i ts /p lant w a s s ignif icant ly affected by t h e n i t -
rogen X r ow spacing i n t e r ac t i on in bo th seasons. Moreover , the highest a n d 
lowest va lues of f ru i t s / p l an t product ion were closely r e l a t e d with the h ighes t 
and lowest values of t h e seed yield, respect ively (Tables 3 and 6). 
Oil content 
The oil-seed con ten t was signif icantly affected b y n i t rogen fertil izer on ly 
in 1985 (Table 1). The o b t a i n e d results of t h e oil con ten t , as affected b y n i t ro -
gen fer t i l izer , revealed t h e negative r e l a t ion between n i t rogen fert i l izer and 
oil con ten t in bo th seasons as shown in Tab les 2 and 5, a n d in Figures 3 and 
4. The oil con t en t of t h e seeds lessened as t h e ni t rogen level increased. These 
results c o n f i r m those o b t a i n e d by Osborne and B a t t e n (1978), S o t o m a y o r 
(1978), J o a r d e r (1983) a n d Nordes tgaard et al. (1983). Nei ther row spac ing 
nor row spac ing X n i t r o g e n fertilizer in te rac t ion s igni f icant ly affected oil con-
tent in b o t h years (Tables 1 and 4). 
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P Y R I D O X I N E A U G M E N T S G R O W T H , Y I E L D A N D 
Q U A L I T Y O F M U S T A R D T H R O U G H E F F I C I E N T 
U T I L I Z A T I O N OF S O I L - A P P L I E D N P - F E R T I L I Z E R S 
S A M I U L L A H , N A F E E S A . K H A N , S . A . A N S A R I a n d M . M . R . K . A F R I D I 
DEPARTMENT OF BOTANY, A L I G A R H MUSLIM U N I V E R S I T Y , ALICARH-202002, I N D I A 
( R e c e i v e d : 1st A u g u s t 1989; accepted: 2 4 t h F e b r u a r y 1990) 
Seeds of m u s t a r d (Brassica juncea Czern. a n d Coss.) cv. Varuna were soaked fo r 
4h in 0 ( w a t e r ) , 0.0125, 0.025, 0.05 a n d 0 .1% a q u e o u s pyr idoxine so lu t ions and the re -
a f t e r s u b j e c t e d to 3 c o m b i n a t i o n s of n i t rogen a n d phosphorus ( N 6 0 P , 0 , N„ 0 P 3 0 , 
N6 0 + 3 0 P 3 0 ) f o r s t udy ing the role of pyr idoxine in e f f ic ien t u t i l i za t ion of soil-applied 
fert i l izers. P l a n t s ob ta ined f r o m 0 . 0 1 2 5 % p y r i d o x i n e t r e a t e d seeds e x h i b i t e d the highest 
values for l e n g t h of main ( t a p ) roo t , leaf n u m b e r , d r y weight a n d leaf N . P and К 
con ten t s a t 50, 70 and 90 d a y s a f t e r sowing ( D A S ) , n e t assimilat ion r a t e a t 50-70 D A S 
and 70-90 D A S in tervals as well as pods /p l an t , s eeds /pod , hecto- l i t re we igh t of seeds, 
seed oil c o n t e n t a n d yields of seed a n d oil a t h a r v e s t . Moreover, t h e p y r i d o x i n e t r e a t -
men t also r e s u l t e d in " o n p a r " va lues for a b o v e p a r a m e t e r s wi th N 6 0 P 2 0 and N,,0P3II. 
Thus , t h e p y r i d o x i n e t r e a t m e n t i m p r o v e d the c a p a b i l i t y of p lan t s t o ut i l ize soil-applied 
NP-fer t i l i ze rs m o r e eff ic ient ly, r esu l t ing in 14.3 a n d 28 .4% more y ie lds of seed and 
seed oil r e spec t i ve ly t han t h e w a t e r soaked c o n t r o l , together w i t h a net saving of 
30 kg N a n d 10 kg P/ha. 
K e y w o r d s : Brassica juncea Czern. and Coss. , pyr idoxine , NP- fe r t i l i z a t i on , leaf 
N , P and К c o n t e n t s , N A R , seed yield and oil 
Introduct ion 
The p e r f o r m a n c e of a crop is a man i fes t a t ion of var ious in te rac t ing fac-
to r s . Among such interact ions, t h e soil-root sy s t em plays a d o m i n a n t role in 
de te rmin ing p r o d u c t i v i t y . Any impa i rmen t in t h i s relat ionship m a y result in a 
poor crop p e r f o r m a n c e (Russell 1970). Thus , i t is imperat ive to evolve such 
r o o t system of a c rop t h a t could eff iciently exp lore soil for wa te r and nu t r i en t s . 
Th i s can be ach ieved to a large e x t e n t by t h e exogenous appl ica t ion of cer ta in 
R-v i t amin wh ich are responsible for the p r o m o t i o n of root g rowth (Oertli 
1987, Samiul lah e t al. 1988). F o r example , increased root g rowth t h r o u g h 
pyr idoxine ( v i t a m i n R6) appl ica t ions enhanced p lan t es tab l i shment and aug-
m e n t e d the pe r fo rmance of several field crops (Samiullah e t al. 1988). Some 
s tudies , however , par t icular ly in relat ion to t h e interact ion of pyr idoxine a n d 
nu t r i en t s , h a v e n o t been m a d e . R y examin ing in ter re la t ionships between t h e 
v i t amins and nu t r i en t s , h igher yields m a y he obtained wi th a minimal dis-
t u r b a n c e to t h e soil ecosystem. Therefore, an a t t e m p t was m a d e to s tudy t h e 
effect of pre-sowing seed t r e a t m e n t with pyr idoxine on t h e "soil-applied 
NP-ferti l izer use ef f ic iency" of mus ta rd (Brassica juncea Czern. and Coss.) c \ . 
Varuna. 
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Materials and methods 
Seeds of mus t a rd v a r . Varuna were surface sterilized a n d soaked for 4h in 0.0125, 
0.025, 0.05 and 0 .10% a q u e o u s pyridoxine hydrochlor ide solut ions . In addi t ion, t w o controls 
(unsoaked and wa te r - soaked) were ma in t a ined for compar ison. The soaked seeds were sown 
at the r a t e of 10 kg/ha in 10 sq.m. plots in a fac tor ia l r andomized block design. T h e s t udy was 
conduc ted during the 1983/1984 winter season a t the Aligarh Muslim Univers i ty Agricul tural 
F a r m , Al igarh . India ( 2 7 ° 5 2 ' N , 78°51'E a n d 187 m al t i tude) . T h e combination of NP-fcr t i l izers 
comprised N e 0 P- 0 and N, J 0P3 0 (60 and 90 kg N a n d 20 and 30 kg P/ha) . In the th i rd combinat ion 
( Y0+30P30)- nitrogen w a s applied as two spli t doses, i.e. 60 kg N/ha at the t i m e of sowing 
and 30 kg N/ha at 70 d a y s a f t e r sowing ( D A S ) as top dressing. I n this set. basal phosphorus 
was app l ied a t the r a t e of 30 kg P/ha. A u n i f o r m basal dose of 30 kg K/ha was also applied. 
Each t r e a t m e n t had t h r e e replicatcs. T h e sources of n i t rogen , phosphorus a n d potass ium 
were commerc ia l grade u r e a , monocalcium supe rphospha t e a n d mur i a t e of po tash respect ively. 
The soil of the field was s a n d y loam showing p H (1 : 2)-8.1, avai lable , N, P a n d К - 182.8, 
22.0 a n d 268.0 kg/ha respect ive ly . The c rop received th ree i r r igat ions between sowing and 
harves t ing . Weeding was d o n e twice during t b e ent i re period of c rop grow th . 0 . 0 1 % "Dimecron -
100" (Pes t ic ide) ob ta ined f r o m CIBA G E I G Y Limited, B o m b a y , was sprayed t o discourage 
aphid in fes ta t ion on t he c rop . 
T h e parameters s t u d i e d a t 50, 70 a n d 90 DAS included l eng th of the careful ly eradicated 
main ( t a p ) root , leaf n u m b e r , dry weight a n d leaf N, P and К contents . Leaf n i t r ogen and 
phosphorus contents were es t imated according t o Linder (1944) and Fiske a n d S u b b a Row 
(1925) respect ively . The p o t a s s i u m content in the leaves was de t e rmined pyrophotomet r ica l ly . 
Net ass imila t ion rates ( N A R ) were ca lcula ted for the period 50-70 DAS a n d 7 0 - 9 0 DAS 
(Milthorpe a n d Moorbv 1979). At harvest , pods /p lan t , seeds /pod. hecto-litre we igh t of seeds, 
oil c o n t e n t of seeds, seed yield and oil yield were de te rmined . T h e d a t a were ana lysed stat ist i-
cally us ing t he 'F- tes t ' f o r es t imat ing the s ignif icance of, a n d va lues for, crit ical differences 
(CD). F o r comparing t w o t r e a t m e n t means, P = 0.05 was also worked out ( P a n s e a n d Suk-
ha tme 1985). 
Results a n d discussion 
Effect of pyridoxine on the performance of mustard 
T h e soaking t r e a t m e n t s igni f icant ly affected g rowth pa ramete r s , N A R , 
leaf N, P and К c o n t e n t s , and yield charac ter is t ics (Figs. 1-3) . H o w e v e r , root 
length a n d leaf К a t 90 DAS were non-s igni f icant . P l a n t s raised f r o m 0 .025% 
pyr idoxine- t rea ted seeds exhibited t h e highest va lues for all p a r a m e t e r s at 
various s tages , except hecto-litre we igh t which was more in p lan t s ob ta ined 
from 0 . 0 1 2 5 % pyr idoxine- t rea ted seeds. T h e effect of th i s t r e a t m e n t (0 .025%) 
was, however , "on p a r " with 0 .0125% for root l eng th at 70 DAS a n d dry 
weight a t t h e three g r o w t h stages. P l a n t s obta ined f r o m 0.025% pyr idoxine-
soaked seeds showed a seed oil c o n t e n t increased b y 18.0%, seed yield bv 
14.9% a n d oil yield b y 14 .9% and oil yield by 33 .2%, in comparison w i t h the 
water -soaked control. 
T h e results i nd i ca t e tha t p lan t s raised f rom pyr idox ine- t rea ted seeds 
exhibi ted be t t e r growth of their roots (Fig. lc) , which subsequent ly enhanced 
their ab i l i ty to remove m o r e N, P and К f r o m the soil (Figs. 2a-c). The grea ter 
supply of these n u t r i e n t s seems to h a v e promoted assimilatory ac t iv i t ies of 
the t r e a t e d plants , r e su l t i ng in high va lues for va r ious growth p a r a m e t e r s 
(par t icular ly dry weight of the whole p l a n t and N A R ) a t different g rowth 
stages. 
Acta Agronomica Hungarica 40. 1991 
P Y K I D O X I N E AUGMENTS G R O W T H , Y I E L D A N D Q U A L I T Y OE MUSTARD 1 1 3 
These initial advan tages gained by plants , as a result of pre-sowing seed 
t r e a t m e n t with pyr idoxine , mani fes ted themselves in the p roduc t ion of more 
pods and seeds, which in turn enhanced their yield of seeds and oil (Fig. 3b). 
Samiul lah et al. (1988) also reviewed similar beneficial effects of pyridoxine 
on var ious field crops . 
Effect of NP-fertilizers on the performance of mustard 
Among the t h r e e selected combina t ions of nitrogen and phosphorus , 
N „ P „ gave the high values for all pa ramete rs s tud ied (Figs. 1 - 3 ) . However , 
t h e hecto-l i trc we igh t in N0l)O,0 decreased, due t o the increased number of 
pods /p lau t and seeds/pod (Fig. 3a) noted in t h e N^P,,,, which resulted in 
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Fig. 2. E f f e c t of pre-sowing seed t r e a t m e n t w i t h a q u e o u s p y r i d o x i n e solution ( % ) a n d d i f fe ren t 
c o m b i n a t i o n s of N and P o n ( a ) leaf N c o n t e n t (ft) leaf P c o n t e n t (c) leaf К c o n t e n t of Brassicu 
juncea Czern a n d Coss. cv. Varuna 
the d i s t r ibu t ion of p h o t o s y n t h a t e s in a large n u m b e r of sinks (seeds), a "dilu-
tion e f f e c t " phenomenon . 
T h e t o p dressing of N at 70 DAS proved ineffec t ive , indicat ing t h a t roots 
at la te r g rowth s tages might have e i the r s tar ted degenerat ion or possessed 
diminished capabi l i ty f o r nut r ient absorp t ion . According to Fiscus a n d Mar-
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Fig. 3. E f fec t of рге-sowing seed t r e a t m e n t wi th aqueous p y r i d o x i n e so lu t ion ( % ) and d i f f e ren t 
c o m b i n a t i o n s of N a n d P on (a) hec to - l i t r e weight , s eeds /pod and p o d s / p l a n t (i>) oil c o n t e n t , 
oil yield a n d seed yield of Brassica juncea Czern . and Coss. cv. Varuna 
k h a r t (1979), absorp t ive c a p a c i t y of root s y s t e m s decreases w i th age as a 
resul t of a decline in hydraul ic conductance , due to suber isa t ion of roots a t 
l a t e r growth s tages . 
Interaction between pyridoxine and NP-fertilizers 
The in te rac t ion of 0 . 0 1 2 5 X N ( I ( )P 2 N , in general , exerted a m a x i m u m effect 
on various p a r a m e t e r s (Figs. 1 - 3 ) . However, i ts effect was " o n p a r " wi th 
0 . 0 2 5 X N 6 0 P 2 0 and 0 . 0 2 5 X N g 0 P 3 „ for several character is t ics including roo t 
length at 50 DAS leaf number a t 70 and 90, D A S d r y weight a t 70 and 90 DAS, 
N A R at bo th in te rva l s , leaf P c o n t e n t a t all t h r e e growth s tages, leaf К content 
at 50 DAS, pods /p lan t seed yield and oil yield. Thus , it ind ica tes tha t ear ly 
enhancemen t of root growth b y pyridoxine t r e a t m e n t f a v o u r e d eff icient 
ut i l izat ion of low dosages of appl ied fertilizer, i .e. , N60P20. 
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It is wor th men t ion ing tha t p l a n t s obtained f r o m 0.0125% pyr idoxine-
soaked seeds yielded as good results w i t h low fert i l izer doses (N^Po,,) as with 
high fer t i l izer doses (Ne oP. t o). Thus, t h e soaking t r e a t m e n t improved t h e "soil-
applied NP-fert i l izer use eff iciency" of t h e plants. 
Conclusively, m u s t a r d may be g rown p ro f i t ab ly by soaking t h e seeds 
in 0 . 0 1 2 5 % pyridoxine solution, t o g e t h e r with the appl ica t ion of 60 kg N and 
20 kg P / h a , achieving 14 .3% and 2 8 . 4 % more seed a n d oil yield respect ively 
than t h e water-soaked cont ro l receiving 90 kg N and 30 kg P/ha. T h i s results 
in a n e t sav ing of 30 k g N and 10 kg P / h a . Moreover, adopt ion of t h i s tech-
nique, u s i n g pyr idoxine as a pre-sowing seed t r e a t m e n t , may r e d u c e our de-
pendence on synthet ic fertil izers, economize m u s t a r d cul t ivat ion and curtail 
soil po l lu t ion . 
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Plant Genetics and Breeding 
E A R L Y M U T A N T S OF P E A ( P I S I M SATIVUM L.) 
I N D U C E D BY S O M E M U T A G E N S 
V o H U N G 
HORTICULTURAL U N I V E R S I T Y , D E P A R T M E N T FOR PLANT G E N E T I C S AND B R E E D I N G , 
B U D A P E S T , HUNGARY 
(Received: 291 Ii J u n e ; accepted in revised form: 17th August, 19118) 
The effect of some mutagens on the frequency of early mutants was studied. 
Treatments wi th ethyl me thane sulphonate and cthylenimine did not result in 
early mutants . Wi th gamma irradiation early mutants were obtained. X - r a y s induced, 
though, early m u t a n t s , hut their propor t ion was very small . 
The varieties t rea ted differed in t he frequency of early mutants . 
The number of days from sowing to flowering w a s lower in the ea r ly mutants 
t h a n in the control. T h e period be tween flowering and ma tu r ing was m u c h the same 
with all early m u t a n t s as with the cont ro l . 
In the course of the exper iments (1985— 1987) 9 viable early m u t a n t s were 
produced, which as an initial mater ia l may be of impor t ance in breeding. 
Keywords: ear ly mutants , elhylenimine (E I ) , e thyl methane sulphonate, 
gamma-rays , pea, var ious mutagens, X-rays . 
In t roduct ion 
Among pea m u t a n t s valuable fo r breeding t h e early m u t a n t s deserve 
special a t t en t ion . 
On the induct ion of early m u t a n t s in cu l t iva ted plants, m a n y literary 
d a t a a re available. W e w a n t to f ind an answer to t h e question of w h i c h muta-
gens are the most su i t ab le to induce early m u t a n t s in some pea varieties, 
so as to use them as init ial mater ia l in breeding. 
Li te rary review 
In recent years a number of publicat ions d e a l t with s tud ies on early 
m u t a n t s (Gustafsson, 1972, 1979; Gus ta fsson et al., 1981 in bar ley ; Mikaeben 
et al., 1971; G a n g a d h a r a n et al., 1975; Sajo et al . , 1976; Await e t al., 1979; 
Micke, 1979; Ru tge r e t al., 1980; R u t g e r , 1981; S a t o , 1980; Mingwei et ab, 
1981 in rice; I sh ikawa , 1970; K w o n , 1973 in soybean) . 
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For pea, on the other h a n d , few l i te rary d a t a are ava i l ab le concerning 
t h e results of inducing early m u t a n t s . 
Early f lower ing m u t a n t s i n pea were described by H o f f m a n n (1959), 
a n d Wellensiek (1961, 1965). 
Szidorova (1965) t rea ted pea seeds w i t h EMS and ob ta ined several 
e a r l y matur ing m u t a n t s . 
J ~ 
Terescsenko (1966) t r e a t e d pea plants w i t h various g a m m a - r a y doses. 
I n the progeny the re were p l a n t s with a vege ta t ion period 3 — 4 — 5 days 
sho r t e r than in t h e control. 
In Poland a new early p e a var ie ty ( W a s a t a ) was p roduced by mutagen 
t r e a t m e n t (in Micke, 1979). 
With all t h i s taken into considerat ion we determined to s t u d y the effects 
of mutagens descr ibed in the l i t e ra tu re , with special regard t o t h e induction 
of possible ear ly m u t a n t s . 
Mater ia l s and me thods 
The expe r imen t s were set up in t h e Laboratory of t he Depar tmen t fo r Plant Genetics 
a n d Breeding and t h e Szigetcsép t r ia l g rounds of the Un ive r s i t y of H o r t i c u l t u r e and Food 
I n d u s t r y . The var ie t i es used in the e x p e r i m e n t s were: G lo r i a di Quimper, Exp re s s , Debreceni 
v i l ágos zöld (round seeded pea). Viridis , Budai gyöngy, E r i k a (marrowfat pea) . 
The t r e a t m e n t were: 
Chemical ireatment 
Dry seeds were t rea ted with 0.1-, 0.3- and 0 .5% so lu t ions of ethyl m e t h a n e sulphonale 
( E M S ) and 0.05-, 0.1-, 0 .15% solutions of ethylenimine ( E I ) for 12 hours. T h e control seeds 
were kept in distilled wa te r during t h e t r ea tmen t . 
Physical treatment 
Dry seeds were t rea ted with X - r a y s of 5, 10, 15, 20 k r (1), and g a m m a rays of 5, 10. 
15, 20 kr (2).* The t r e a t m e n t s were c a r r i e d out in the L a b o r a t o r y of the I s o t o p e Inst i tute of 
* (1) and (2): 80 rjminute i n t e n s i t y . 
t he Hungar ian A c a d e m y of Sciences a n d the Labora tory of the Nat ional "F rédé r i c Joliot-
C u r i e " Research I n s t i t u t e of Radiobiology and Radiohygienics . 
Method of examination 
For the second generation (M2) t h e seeds were s o w n with 4 rep l i ca t ions per var ie ty 
and t r ea tmen t , in r a n d o m block design, a n d the plants deve lop ing from t h e m were evaluated 
for t he proportion of ear ly mutants . 
The number of seeds sown was 600/ t rea tment . 
Results 
The various mutagen t r e a t m e n t s showed g rea t differences in the fre-
q u e n c y of early m u t a n t s , as seen in Table 1. 
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Table 1 
Frequency of early mutants by treatment in the M, generation (1986 —1987) 
Number of Frequency of early 
Treatment Year planta examined mutant» 
n % 
Control 1986 3364 0 0.00 
1987 3232 0 0.00 
X - r a y 1986 7320 1 0.01 
1987 7091 1 0.01 
Gamma-ray 1986 7134 4 0.05 
1987 6991 3 0.04 
E I 1986 3895 0 0.00 
1987 3954 0 0.00 
EMS 1986 6999 0 0.00 
1987 7009 0 0.00 
In 1986 n o n e of the six varieties p r o d u c e d early m u t a n t s in response 
to t r ea tmen t s w i th EMS and E I . 
Wi th 5- a n d lOkr t r e a t m e n t of g a m m a - r a y s , four e a r l y mutan ts w e r e 
obta ined with a vegetat ion per iod 6 — 7 days s h o r t e r than in t h e initial v a r i e t y . 
The X- ray t r e a t m e n t s p roduced , though, e a r l y mutan t s , b u t in a very low-
percentage (0 .01%) . 
In 1987 a low percentage of early m u t a n t s were o b t a i n e d again in t h e 
X - r a y t r e a t m e n t s . Ear ly m u t a n t s appeared in large n u m b e r s , on the o t h e r 
h a n d , when t h e seeds had been t reated w i th gamma- rays . 
Ear ly m u t a n t s were on ly obtained in t h e varieties Glor ia di Q u i m p e r , 
E r ika and Viridis; in the var ie t i es Express, Debreceni vi lágos zöld and B u d a i 
gyöngy this t y p e of m u t a n t did not occur (Tab le 2). 
Table 2 
Frequency of early mutants by variety in the M„ generation (%) 
(1986-1987) 
Varietv 1986 1987 
Gloria di Quimper 0.03 0.03 
Express 0.00 0.00 
Debreceni világos zöld 0.00 0.00 
Viridis 0.02 0.00 
Budai gyöngy 0.00 0.00 
Erika 0.03 0.03 
Total 0.02 0.015 
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In t h e early m u t a n t s the per iod between sowing and f lower ing was 
shorter t h a n in the con t ro l . As regards t h e number of d a y s from f lower ing to 
matur ing , the re were n o essential d i f ferences be tween t h e early m u t a n t s of 
each v a r i e t y and the con t ro l (Table 3) . 
Table 3 
Detailed data on the frequency of early mutants in the M., generation 
(1986 — 1987) 
Number of Sowing-flowering Flowering- Deviat ion from 
Variety Treatment mutante
 4 и у maturing the control 
n day day 
1986 
Gloria control 0 68 88 — 
di Quimper gamma-ray 5kr 1 61 81 — 7 
gamma-ray lOkr 1 61 82 — 6 
Viridis control 0 82 97 
X-ray lOkr 1 76 91 — 6 
Erika control 0 84 101 — 
gamma-ray 5kr 1 79 95 — 6 
gamma-ray 10кг 1 79 94 — 7 
1987 
Gloria control 0 67 85 — 
di Quimper X-ray 5kr 1 60 79 — 6 
gamma-ray 10кг 1 60 79 — 6 
Erika control 0 82 99 
gamma-ray 5kr 1 75 92 — 7 
gamma-ray lOkr 1 75 92 — 7 
Note: 1986: date of sowing: 8 April 
total n u m b e r of plants e x a m i n e d : 25.348 
1987: date of sowing: 14 April 
total n u m b e r of plants e x a m i n e d : 25.045 
Tn t h e course of t h e exper iments (1985 —1987) we produced 9 viable 
early m u t a n t s , which as a n initial mater ia l m a y be of i m p o r t a n c e for b reed ing . 
S u m m a r y 
The e f f e c t of various m u t a g e n s on the f r e q u e n c y of early m u t a n t s was s tud ied . 
F rom t h e results the fo l lowing conclusions c a n be drawn: 
(1) T r e a t m e n t s with e t h y l methane s u l p h o n a t e and e thy l en imine did no t resu l t in 
early m u t a n t s . W i t h gamma i r r ad i a t i on early m u t a n t s were o b t a i n e d . X-ray t r e a t m e n t s also 
produced e a r l y mutan t s , h u t in v e r y low percen tages . 
(2) T h e var ie t ies included in the exper iments differed in the f r e q u e n c y of early m u t a n t s . 
(3) In t h e early m u t a n t s t h e period be tween sowing and f l ower ing was shor ter t h a n in 
t h e control. I n t h e number of d a y s f rom flowering t o maturing, on t h e other hand, t h e r e were 
n o t essential d i f ferences between t h e early m u t a n t s of any of the var ie t i es examined a n d the 
control. 
(4) In t h e course of the expe r imen t s (1985—1987) 9 viable e a r l y m u t a n t s were o b t a i n e d 
which as an in i t ia l material m a y be of impor tance in breeding. 
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ANALYSIS OF COMBINING ABILITY FOR 
SEED-OIL CONTENT IN COTTON ( G O S S Y P I U M 
HIRSUTUM L . ) 
R . G . D A N I 
C E N T R A L I N S T I T U T E F O R COTTON R E S E A R C H , N A G P U R , I N D I A 
(Received 12th A p r i l . 1989; a c c e p t e d 20 th Ji inc, 1989) 
For ident i fy ing p r o s p e c t i v e parents a n d for fo rmula t ing b reed ing p rocedu re s 
most l ikely to succeed, a c o m b i n i n g ability a n a l y s i s was per formed in Cot ton ( G o s s y p i u m 
hirsutum L.) , in which 6 I n d i a n lines were c rossed wi th 6 exotic h igh-oi l testers. V a r i a -
tion a m o n g p a r e n t s and crosses and gca e f fec t s of lines and t e s t e r s were highly s ign i f -
icant for seed-oil con ten t , seed index and seed-oi l index. Sea e f f e c t s for seed i n d e x 
and seed-oil index were also h i g h l y significant. Select ions 1С 794, T 3 —11 and the e x o t i c 
entr ies L v i n a n , GM 2 and O R S were ad judged b e s t general c o m b i n e r s . In most c rosses , 
oil c o n t e n t a n d oil index were higher than t h o s e in the best local c u l t i v a r SRT 1. T h e 
resul ts i nd i ca t ed the need fo r exploi t ing b o t h f i x a b l e and n o n - f i x a b l e c o m p o n e n t s o f 
genetic v a r i a n c e . 
Keywords : combin ing ab i l i ty , Gossypium hirsutum, oil c o n t e n t , seed-oil i n d e x 
Introduction 
Since the late sixties and the seventies, on a global scale, there have 
been increasing trends in the consumption and imports of edible oils (Sundaram 
1982). The potential of cottonseed as a ready and inexpensive source of edible 
oil is recognised world-wide. Genetic improvement of cotton, nevertheless, 
has been mostly due to the fibre quality and yield attributes (Kohel and Lee 
1984). Following early reports of genetic variation and response to selection 
for oil content (Harland 1949), there has been a rather late revival of interest 
in genetic studies of this trait towards the seventies and eighties (Kohel 1980; 
Narayanan et al. 1988; Dani and Singh 1989). Thus there is a considerable 
scope at present for research on the choice of efficient selection methods and 
genetic populations with improved seed quality (Dani and Kohel 1987, 1989; 
Dani 1989). The present investigation was undertaken to obtain information 
on combining ability for seed-oil content in cotton, using the line x tester 
approach (Kempthorne 1957). The results are reported in this paper. 
Materials and methods 
F r o m the el i te working co l l ec t ion at С. I. C. R . , 6 lines were c h o s e n on the b a s i s of 
comparab le m a t u r i t y dura t ion a n d yields. These compr i sed elite c u l t i v a r s L147, S R T 1, 
K h a n d w a 3, se lec t ion T3 —11 a n d a reselection f r o m t h e exotic source 1С 794. Six. h igh -o i l 
l ines ob ta ined f r o m Texas, U S A ( D a n i 1984a), w e r e used as tester p a r e n t s . Stoneville 2 1 3 
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and T a m e o t S P 37 are commerc ia l cultivars. O R S is marked wi th an okra leaf trai t a n d GM 2 
has a g land less genotype. I n the crop season ( J u n e - J a n u a r y ) of 1985 — 86, the 12 entr ies 
were grown o n the Exper imen ta l Fa rms of the C. I. C. R.. Nagpur (21.26° W and 79.49° ' E — 
represent ing t h e Central Zone of dryland c o t t o n cultivation) in randomised blocks as 1-row 
plots of 5 p l a n t s ( 0 .60x0 .45 m) , with 3 r e p e a t s . Following an lhe s i s , the 36 crosses were 
examined in line X tester f a s h i o n (Table 2). I n t h e nex t season, t h e 12 parents and 36 crosses 
were grown in a similar field l a y o u t . Within each replication, a compos i t e sample of 10 selfed 
bolls f r o m e a c h cross and f r o m each paren t w a s hand harves ted a t matur i ty . Seeds were 
delnited w i t h commercial s u l f u r i c acid and d r i ed . Oil content w a s est imated ou a wide-line 
lowresolution Newport N M R Analyser . Weight per 100 seeds w a s recorded in each sample 
and the seed index expressed as weight per seed in mg. A seed-oil index giving t he we igh t of 
oil in mg w a s derived as fo l lows: seed index X oil percentage/100. E ine X tester a n a l y s i s fol-
lowed the m e t h o d of K e m p t h o r n e (1967). 
Results and discussion 
Results of the A N O V A for combining ability and genetic est imates for 
seed-oil content , seed index and seed-oil index have been presented in Table 1. 
Parental means and the GCA effects for the 3 traits are given in Table 2. 
Oil characteristics of 36 crosses and their SCA effects are shown in Table 3. 
Table 1 
Analysis of variance for treatments and combining ability and other genetic estimates 
for oil content, seed index and seed-oil index 
Source Df 
o i l 
о/ /о 
Seed i n d e x 
0 " g ) 
Seed-oil 
i udex 
( m g ) 
Repl icat ions 2 1 1 . 9 1 * * 2 . 1 8 5 . 7 2 
T r e a t m e n t s 4 7 7 . 4 1 * * 4 9 5 . 5 5 * * 4 1 . 3 3 * * 
P a r e n t s 1 1 2 . 9 8 * 3 9 5 . 2 9 * * 2 9 . 7 2 * * 
H y b r i d s 3 5 8 . 9 6 * * 4 9 8 . 0 * * 4 4 . 6 1 * * 
P a r e n t s vs. hybrids 1 1 . 8 3 1 5 0 9 . 2 5 * * 5 3 . 7 5 * * 
Testers 5 2 4 . 0 4 * * 1 9 7 7 . 1 4 * * 1 7 4 . 8 3 * * 
Lines 5 1 5 . 7 7 * 2 8 6 . 3 4 3 5 . 0 3 
Lines X Testers 2 5 4 . 5 8 * * 2 4 4 . 6 4 * * 2 0 . 3 3 * * 
Error 9 4 1 . 2 7 9 . 9 3 2 . 2 0 
G.e.a . (Lines) 0 . 6 2 2 * 2 3 2 * * 0 . 8 6 2 * 
G.c.a . (Testers) 1 . 0 8 1 * * 9 . 6 3 * * 8 . 5 8 * * 
S.c.a. 1 . 0 3 9 7 8 . 9 6 * * 5 . 9 8 * * 
Hue to testers 3 8 . 3 3 5 6 . 7 0 5 6 . 0 0 
Due to lines 2 5 . 1 5 8 . 2 1 1 1 . 4 7 
Due to Lines X Testers 3 6 . 5 3 3 5 . 0 8 3 2 . 5 4 
*. ** Significant at 5 and 1% levels of probability 
Variance analysis revealed highly significant treatment differences for 
the 3 attributes, thus suggesting the presence of adequate genetic variation. 
Performance of the 6 testers appeared to be marginally lower than that reported 
elsewhere (Kobe! 1986: D a n i 1984a). which , nevertheless, was higher than the 
Indian lines, as expected. The differences due to males were highlv significant 
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Table 2 
Parental values for oil percentage, seed index, and seed-oil index, and general 
combining ability effects 
Seed-oil 
C.C.A. e f f eo t index G . C . A . ef fec t 
(me) 
Lines 
Khandwa 3 21.48 
21.33 
21.83 
21.02 
21.70 
22.55 
- 0 . 7 8 3 81.80 
- 0 . 7 1 1 75.46 
- 0 . 0 3 9 95.52 
1.817 119.92 
U.911 80.78 
- 1 . 1 9 4 83.14 
- 3 . 5 0 2 17.58 
- 7 . 5 0 0 15.90 
- 3 . 6 4 9 20.40 
19.616 27.53 
3.444 17.68 
— 8.408 18.75 
1.315 
2.116 
0.315 
SRT 1 
L 147 
1С 794 
T3-11 0.708 
2.791 
5.828 
Khandwa 2 
Testers 
Tamcot S P 37 
ORS 
23.00 
24.03 
24.63 
22.93 
22.93 
22.83 
- 0 . 8 5 0 85.06 
0.311 83.47 
1.261 95.26 
0.494 84.00 
0.094 90.44 
- 1 . 3 1 1 90.48 
2.496 18.92 
1.271 20.06 
2 .853 24.43 
4.750 19.28 
6.399 20.75 
0.022 21.03 
— 1.097 
0.465 
Lyman 
GM2 
Stoneville 213 
TM 1 
1.591 
1.578 
- 1 . 6 5 0 
0.887 
for all 3 characters, while those due to females were significant in the case 
of seed-oil content. Sucli differences, when tested against interaction terms, 
as is done in a random effect model, m a y turn out to he non-significant and 
hence are likely to be under-estimated or not detected (Kaushik et al. 1984). 
Combining ability analysis revealed highly significant GCA effects of 
the testers and significant effects of the lines with respect to all characters, 
as were also significant SCA effects for seed index and seed-oil index. Consider-
ing total variance, the proportional contribution of the testers and that of 
the lines x testers interaction was relat ively higher as compared to that due 
to the lines. Among the testers, Lyman, GM2 and O R S showed higher GCA 
effects. The lines 1С 794 and T3—11 also showed relatively higher and positive 
GCA effects. A more or less parallel trend in GCA effects was observed for 
seed-oil content, seed index and seed-oil index. The oil content a m o n g Fl's 
ranged between 19.27% and 25.50% (Table 3). In a large number of crosses, 
oil content and oil index ranged higher than that in the best local eultivar 
SRT 1. Most of the superior combinations involved at least one good general 
combiner. The crosses 1С 794 X Lyman, Khandwa 2 X ORS, L 147 X O R S and 
SRT l x T M 1 had the highest SCA estimates for oil content. L 147 X ORS 
and 1С 794 X Lyman showed high SCA effects also for oil index. For an effec-
tive evaluation of the seed-oil potential in cotton, the seed-oil index lias been 
recommended as a useful ancillary parameter, for percentages alone are not 
always reliable (Kohel and Cherry 1983). Unlike oil content and seed index, 
oil content and oil index in general are positively correlated with each other 
(Dani 1984a; Dani and Kohel 1987). Crosses having higher values of oil index, 
unlike many in the case of oil content , did not reflect correspondingly high 
SCA estimates for this attribute (Table 3). 
Acta Agronomien Hungarica 40, 1991 
126 R. G. D A N I 
In the present study, bo th G.C.A. and S.C. A. effects of seed index and oil 
index were found to lie highly significant, which is consistent with an earlier 
study (Dani 1981h) involving partial diallel cross analysis. Oil the basis of 
large additive genetic components , Kohel and Ramos (1987) inferred that 
selection for higher oil content should be successful in this crop. Singh et al. 
(1985) on the other hand, had concluded t h a t the oil content in cotton is 
under the control of non-additive gene effects. Factors such as intraseasonal 
variation can result in large G x E interactions, thus imposing restrictions on 
some genetic models (Dani and Kohel 1987, R a m o s (1985) concluded that the 
generation mean analysis would he adequate t o investigate the oil character-
istics in cotton, as compared to the diallel. In a recent report (Dani and 
Table 3 
Performance of crosses and specific combining ability effects for oil percentage, seed 
index, ami seed-oil index 
Cru" , 
Oil 
/о SCA 
Seed i n d e x 
( m g ) SCA 
S e e d - o i l 
i n d e x 
( n i g ) 
SCA 
K h a n d w a 3 X S P 3 7 2 0 . 8 3 - 0 . 4 8 3 7 0 . 5 0 4 . 7 8 5 1 4 . 5 9 1 . 7 8 1 
K h a n d w a 3 \ O R S 2 3 . 2 7 - 0 . 4 2 2 7 8 . 0 3 - 1 . 3 0 8 1 8 . 4 9 - 0 . 1 2 6 
K h a n d w a 3 X L y m a n 2 3 . 5 3 — 0 . 7 2 8 8 3 . 5 4 - 7 . 0 9 1 2 0 . 1 0 - 1 . 5 3 5 
K h a n d w a 3 X G M 2 2 2 . 6 0 0 . 6 1 7 8 3 . 7 2 2 . 2 2 0 1 8 . 6 1 0 . 5 5 6 
K h a n d w a 3 \ S 2 1 3 2 3 . 5 0 0 . 6 2 2 8 0 . 0 7 5 . 6 0 9 1 7 . 9 7 0 . 5 5 2 
Khandwa 3 X T M 1 1 9 . 2 7 0 . 3 9 4 7 1 . 0 0 5 . 3 5 4 1 5 . 0 4 2 . 3 3 5 
S R T 1 X S P 3 7 2 0 . 9 7 0 . 7 8 9 7 0 . 0 0 - 1 . 0 4 2 1 5 . 4 4 0 . 5 5 7 
S K T 1 X O R S 2 3 . 6 7 1 . 1 1 7 7 8 . 0 1 2 . 9 4 2 1 6 . 8 0 - 0 . 3 3 1 
S R T 1 X Lvi i ian 2 4 . 9 0 1 . 8 2 2 9 0 . 2 2 - 9 . 4 1 8 2 2 . 6 2 3 . 0 5 3 
S R T 1 X G M 2 2 1 . 5 7 0 . 7 4 4 7 0 . 2 4 7 . 0 9 1 1 6 . 2 4 1 . 3 9 4 
S R T 1 \ S 2 1 3 1 9 . 7 7 0 . 6 3 9 5 7 . 8 3 - 1 . 2 8 1 1 1 . 9 8 0 . 2 9 4 
S R T 1 X T M 1 2 2 . 5 7 1 . 3 0 0 7 6 . 5 1 1 . 7 0 8 1 6 . 9 2 1 . 1 4 0 
L 1 4 7 X S P 3 7 2 1 . 3 3 0 . 1 0 6 6 8 . 0 6 2 . 8 0 3 1 5 . 8 4 1 . 0 4 1 
L 1 4 7 X O R S 2 1 . 4 0 1 . 4 0 0 6 9 . 5 0 1 3 . 5 6 3 1 5 . 8 8 4 . 3 5 9 
L 1 4 7 X L y m a n 2 5 . 4 3 1 . 2 6 1 8 7 . 1 5 6 . 6 4 7 2 1 . 9 8 1 . 9 1 7 
L 1 4 7 X G M 2 2 5 . 1 7 — 1 . 2 9 4 9 6 . 1 2 2 3 . 2 4 8 2 4 . 0 1 - 6 . 6 1 2 
L 1 4 7 X S 2 1 3 2 3 . 5 0 1 . 1 2 2 7 2 . 5 4 - 3 . 8 5 3 1 7 . 3 5 - 1 . 6 5 5 
L 1 4 7 X T M 1 2 0 . 6 3 - 0 . 3 5 0 7 2 . 5 2 4 . 0 8 9 1 5 . 7 6 0 . 9 5 0 
1 С 7 9 4 X S P 3 7 2 4 . 5 3 - 0 . 0 6 1 1 0 0 . 6 4 1 . 1 7 6 2 4 . 0 7 - 0 . 4 3 3 
1 С 7 9 4 X O R S 2 4 . 3 3 1 . 1 6 7 1 0 9 . 2 8 - 8 . 3 0 7 2 6 . 4 7 - 2 . 0 0 5 
1 С 7 9 4 X L y m a n 2 4 . 7 3 1 . 7 6 1 8 . 5 2 1 3 . 7 1 9 1 9 . 5 9 3 . 9 6 4 
I V 7 9 4 X G M 2 2 5 . 5 0 0 . 2 3 9 1 0 6 . 0 8 0 . 4 1 1 2 6 . 5 3 0 . 3 4 1 
1 С 7 9 4 X S 2 1 3 2 5 . 0 0 0 . 2 1 1 9 0 . 5 1 - 4 . 2 2 4 2 2 . 5 8 - 0 . 4 5 9 
1 С 7 9 4 X T M 1 2 4 . 5 0 - 0 . 9 0 3 1 1 8 . 4 7 - 2 . 7 7 5 2 8 . 4 2 1 . 4 0 7 
Г З - 1 1 X S P 3 7 2 3 . 6 3 1 . 2 3 9 8 7 . 8 6 8 . 6 7 1 1 8 . 5 9 2 . 1 5 5 
T 3 - 1 1 X O R S 2 3 . 5 3 - 2 . 5 6 7 8 4 . 7 3 - 9 . 5 7 5 2 0 . 2 5 - 3 . 0 3 7 
T 3 - 1 1 X Lv m a i l 2 4 . 0 0 0 . 4 9 4 8 3 . 7 4 1 . 2 9 2 1 9 . 4 3 0 . 5 3 5 
T 3 - 1 1 X G M 2 2 4 . 5 7 0 . 1 3 9 8 5 . 2 7 - 4 . 0 0 3 2 0 . 6 1 - 0 . 3 7 8 
T 3 - 1 1 X S 2 1 3 2 4 . 5 3 0 . 5 7 8 8 2 . 1 9 3 . 8 4 5 1 9 . 4 0 1 . 5 5 5 
T 3 - 1 1 X T M 1 2 2 . 9 0 0 . 1 1 7 8 4 . 6 7 0 . 2 2 9 1 8 . 3 1 0 . 8 2 9 
K h a n d w a 2 \ S P 3 7 2 1 . 3 0 - 1 . 5 8 9 7 5 . 7 5 - 6 . 8 2 3 1 7 . 2 3 - 1 . 5 3 8 
K h a n d v a 2 X O R S 2 3 . 3 7 1 . 6 3 9 7 5 . 8 7 2 . 6 8 4 1 7 . 6 0 1 . 1 4 1 
K h a n d w a 2 X L y m a n 2 2 . 6 7 0 . 9 6 7 7 9 . 8 3 - 5 . 1 4 9 1 8 . 5 3 1 . 8 2 8 
K h a n d w a 2 X G M 2 2 1 . 2 7 1 . 0 4 4 7 4 . 8 7 1 7 . 5 2 9 1 6 . 1 7 4 . 7 0 0 
K h a n d w a 2 X S 2 1 3 2 1 . 9 7 0 . 3 5 0 6 6 . 2 6 — 0 . 0 9 6 1 3 . 5 1 - 0 . 2 8 7 
K h a n d w a 2 X T M 1 1 9 . 9 7 0 . 4 7 8 6 4 . 7 7 - 8 . 1 4 7 1 2 . 9 2 - 2 . 1 8 8 
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Kohel 1989) it has been observed that in the inheritance of oil content and 
oil index in cotton, dominance effects are more important. In cotton, additive 
gene effects are preponderant for lint yield and fibre length and strength; 
while for fibre fineness, dominance effects are considered more important 
(Meredith 1984). Kaushik et al. (1984) reported higher SCA variances for 
yield and number of bolls. Meredith (1984) points out that in most genetic 
studies of cotton, not all basic assumptions are met or the number and quality 
of genotypes and env ironments may be deficient. 
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STUDIES ON QUANTITATIVE CHARACTERS O F 
PEA VARIETIES AFFECTED BY ACUTE AND 
RECURRENT GAMMA IRRADIATION 
K . MÁZIK-TŐKEI and J . FÜREDI 
D E P A R T M E N T O F G E N E T I C S A N D P L A N T B R E E D I N G , U N I V E R S I T Y O F A G R I C U L T U R A L S C I E N C E S , 
GÖDÖLLŐ, H U N G A R Y 
(Received: 31 th March 1989, accep ted : 13th November , 1989) 
G a m m a irradiat ion has been long appl ied to the induc t ion of genetic variat ions. 
Rela t ively high m u t a t i o n rates can be o b t a i n e d by the a c u t e and recurrent i r radia t iou 
of d o r m a n t seeds. 
T h e influence of acu te and recur ren t gamma i r radia t ion was invest igated on the 
q u a n t i t a t i v e characters of Dukat, P a l o m a , BR 52, Ú j m a j o r early and M a r r o pea 
variet ies . All five var ie t ies were i r radiated wi th 25, 50, 75 a n d 100 Gy of g a m m a rays. 
Grains were sown in the exper imenta l field of the Depar tment of Gene t i c s and 
P l an t Breeding. For yield component ana lys i s 30-30 p lan t s were individually observed 
a t every sample. The influence of r ecu r r en t irradiation w a s investigated in t w o and 
three subsequent generat ions. 
Varietal differences in radiation sens i t iv i ty were obse rved . The yield componen ts 
of d i f fe ren t varieties changed under s imi lar dose condit ions. The Dukat v a r i e t y was 
found to be most sensit ive to acute i r rad ia t ion , so the q u a n t i t a t i v e characters of Dukat 
may be improved by us ing this method. 
Recurrent i r rad ia t ion in two subsequen t generations w a s successful in t h e Paloma 
var ie ty while t rea t ing t h r ee subsequent generations p r o v e d to be less successful in 
improving yield componen t s than in t w o generations. 
Keywords: pea , quant i ta t ive cha rac te r s , acute and recurrent i r radiat ion 
Introduction 
The induction of mutations in plants by ionizing radiation has been 
carried out on dormant seeds using acute irradiation. The many internal and 
external factors affecting radiosensitivity and modifying mutagenic effects of 
radiation on seeds have been extensively investigated by many researchers. 
An induced mutation may have value as a germplasm hank for future 
objectives of plant improvement, even if it is unimportant in present short-
term breeding programmes. 
Induced mutation may be a principal means of increasing genetic va-
riability. 
Guidelines for the practical application of mutation breeding to seed 
plants have been documented for cereals by Yonezava and Yamagata (1977), 
and more generally for dicotyledonous plants by Dellaert (1979). 
Gamma-ray irradiation has been shown to be highly effective for the 
induction of mutations in plants. Comparative studies on the effecst acute 
and chronic doses of gamma rays have been made in terms of growth, survival, 
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fertility, yield and mutation induction after exposure of both seeds and plants . 
Acute irradiation of seeds might be more e f fect ive in inhibiting growth and 
decreasing survival and fertility, because of recovery phenomena at low irra-
diation intensities with chronic irradiation (Fuji 1962, Matsumura 1964). Ma-
buchi and Matsumura (1964) investigated the frequency of endosperm muta -
t ions produced b y gamma irradiation in maize pollen. They confirmed that 
acute irradiation resulted in a higher frequency of mutations than chronic 
irradiation, but found that the production of mutations was non-linear 
in acute treatments while l inear in chronic ones . It appears that higher mu-
tat ion rates can be obtained b y the acute irradiation of dormant seed than b y 
chronic irradiation of growing plants (Donini and Scarascia-Mugnozza 1968, 
N y b o m et al. 1956, Yamashita 1967, Conger, Constantin and Bottino 1973). 
The procedure of recurrent irradiation, or irradiating plant material 
t h a t has already been irradiated in one or more subsequent generations, has 
been proposed as a method of accumulating and expanding genetic variation 
t h a t may be uti l ized in a breeding programme (Freisleben and Lein, 1943, 
1944, Hoffmann and Walther 1961). 
Tanaka (1967) concluded that the mutat ion frequency w a s increased by 
recurrent irradiation. Khadr and Frey (1967) reported that oat populations 
developed by recurrent irradiation with thermal neutrons showed expanded 
variation in quantitative traits over either t h e original or the pedigreed po-
pulations. Broch and Shaw (1969) concluded t h a t additional variation gener-
ated by a recurrent irradiation was greater t h a n that generated by hybridiza-
t ion. Pitirimova (1985) showed that genotypic variability of quantitative 
characters of barley drastically increased in the M2 generation. Prohorova and 
Gladys (1983) s tated that repeated irradiation of barley seeds increased the 
yield in subsequent generations. Mázik and Füredi (1986) concluded that t h e 
recurrent neutron irradiation of pea varieties caused further changes to both 
negative and posi t ive direction in t he yield components of pea. These studies 
suggest that recurrent irradiation could be used for producing types of m u -
tations. These induced mutat ions are expected t o create a new dimension far 
beyond that achievable using on ly the available germplasm sources of natural 
origin. 
Materials and methods 
The expe r imen t s were made w i t h Duka t , Pa loma, B R 52, Ú jma jo r e a r l y and Marro pea 
var ie t i es in Gödöllő in 1980-82. Air d r y seeds were a c u t e l y irradiated w i t h c°Co gamma r a y 
in t h e gamma-field of t h e D e p a r t m e n t of Genetics a n d P l a n t Breeding. All f i v e varieties w e r e 
i r r ad i a t ed with t h e exposure of 25, 50, 75 and 100 Gy of gamma rays. G r a i n s were sown in 
seedbeds on the fo l lowing day of m u t a g e n t rea tment in t h e experiment f i e ld of the D e p a r t -
m e n t . 
The plant h e i g h t s and the y ie ld-determining q u a n t i t a t i v e cha rac te r s — such as p o d 
n u m b e r , seed n u m b e r / p o d , pod l e n g t h a n d seed n u m b e r / p l a n t — were observed . For yield 
c o m p o n e n t analysis 30-30 plants w e r e individually m e a s u r e d at every s amp le and at t h e 
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control. Ha l f of the yield of M j w a s sown in t he exper iment field i n t o randomised b lock design, 
in plots of 250 X 125 cm and t h e p lan t ing space of 25 X 5 cm. S ta t i s t i ca l analysis of e x p e r i m e n t s 
were done b y variance analys is . T h e tables show the average d a t e s of individually observed 
plants . 
T h e t r e a t m e n t was r e p e a t e d for a c c u m u l a t i n g and e x p a n d i n g genetic v a r i a t i o n . The 
other half of t h e yield of M j w a s irradiated a g a i n by the same d o s e s as were used in t h e pre-
vious year . T h e influence of t h e recurrent i r r ad ia t ion on the q u a n t i t a t i v e c h a r a c t e r s was 
invest igated in two and in t h r e e subsequent genera t ions . 
Results 
Acute irradiations to the air dry seeds 
The letality of the seeds of B R 52 and Újmajor early after irradia-
tion with 100 Gy was 100%. The surv ival rate of D u k a t , Paloma and Marro 
was very low at 100 Gy. A relatively high survival rate was found in M4 of the 
BR 52 at 75 Gy of gamma irradiation and it was much higher than at 50 Gy. 
The other four varieties did not survive this 75 Gy dosage. 
The results of the y ie ld component analysis of M4 generation are shown 
in Table 1. The pod number of the Dukat variety increased significantly due 
to the irradiation with 25 and 50 Gy. There were no significant differences 
among control and treated samples of the other four varieties in this character. 
The seed number/pod —- comparing wi th the control — decreased as a result 
of irradiation with 50 Gy at Dukat and Újmajor early. The same result was 
observed due to the 75 Gy at B R 52 and 25 Gy at Marro. Shorter pods developed 
at BR 52 (75 Gy dose) and Újmajor early (50 Gy). The pod length of the Dukat 
increased by irradiating the M0 with 50 Gy. The 25 Gy of gamma rays increased 
the number of the seeds of the plants at Dukat, and decreased at B R 52. The 
yield component analysis of the M2 generation can he seen in Table 1. The 
reduced plant heights was registrated at three varieties (BR 52, Újmajor 
early, Marro). At two varieties there were found significant differences in pod 
number between the control and the 75 Gy treatment. I t was higher at Dukat 
and lower at BR 52. 
The seed number/plant did not vary — it decreased only at BR 52 under 
the influence of 75 Gy g a m m a rays.The occurrence of shorter pods was observed 
at all varieties except D u k a t . 
The results of the yield determining characters iu M 3 indicates (Table 1) 
that the treatment of M0 with 50 Gy improved the mos t yield components 
(pod number, seed number/plant and plant height) of Dukat variety. In the 
case of B R 52, the 25 Gy treatment increased almost all of the yield compo-
nents — two of them (pod number and pod length) significantly. One or two 
characters was only enlarged or lessened at Újmajor early and Marro varieties. 
Three of the examined characters decreased due to the 25 Gy dose at Paloma. 
The 75 Gy of gamma rays increased the plant height and pod number and 
reduced the length of pods as well as the number of the seeds/plant. 
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Table 1 
Quantitative characters of pea varieties in M,. M2 and M . generations 
P l a n t height, cut P o d u u m b e r 
DUM 
Varieties
 ( ; у M, M , M, M, M , M, 
g e n e r a t i o n 
D u k a t — — 63.83 64.80 7.23 7 .23 4.00 
25 — 60.43 59.40 8.93 + 7.20 5.00 
50 — 62.77 72.50 + 9.17 + 6.90 6.85 + + + 
75 
— 
67.57 69.30 9.97 + + 5.25 + + 
Pa loma — . — 48.13 49.10 6.83 7.47 5.20 
25 — 46.53 39.40 7.43 7.00 4.90 
50 
— 
59.50 72.90+ + + 6 .03 6.40 + 
B R 52 — — 66.50 66.20 5.47 5 .83 4.40 
25 — 63.77 69.70 4.83 5 .43 5.20 + 
75 5 7 . 2 0 - - - 62.85 5.47 4 . 1 3 - - 4.10 
Ú j m a j o r early — — 42.80 41.00 7.97 4 .43 5.45 
25 — 39.00 3 6 . 8 5 " 7.77 4 .33 5.15 
50 
— 
3 9 . 8 3 - - 47.50 + + + 7.60 5.17 6.00 
Marro — — 60.90 55.80 6.07 7 .33 5.70 
25 — 5 4 . 6 7 " - 52.30 5.97 7.07 5.40 
50 
— 
5 2 . 7 7 " 49.40 6.87 5.25 
Significant a t 5% level + o r -
l"o level + + or — 
0-1% level + + + o r - - -
Recurrent irradiation to the air dry seeds 
Repeated irradiation was carried out w i th two different exposure doses 
at Dukat and one-one dose at other varieties because of the seed-shorta<ie of 
о 
these genotypes. 
Recurrent irradiation in t w o subsequent generations (Table 2) decreased 
all characters except the pod number at D u k a t . This yield component was 
also higher than at the control at Paloma and Újmajor early varieties. In the 
case of Paloma there were no significant differences in other characters. At 
other varieties a decrease of some yield components was established. Subse-
quent generations of twice-irradiated samples (M") (Table 2) did not show any 
deficiency in growth (except t h e Paloma) and in other yield components. The 
irradiation with 25 Gy increased the pod number and pod length at BR 52, 
the plant height at Újmajor early. There was a significant difference between 
the control and the 50 Gy dose treatment in pod number at D u k a t . 
Recurrent irradiation in three subsequent generations (Table 2) most ly 
decreased the analysed yield components. I t was concluded that there arc 
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irradiated with acute Co60 gamma rays in M„ generations 
S e e d n u m b e r / p o d P o d l e n g t h era Sp fd n u m b e r / p l a n t 
M, M , M , M, M , M j M , M, M 3 
3 . 4 9 3 . 4 9 3 . 2 5 5 . 7 0 5 . 7 6 5 . 2 1 2 5 . 4 7 2 5 . 4 7 1 3 . 0 5 
3 . 6 2 3 . 3 0 3 . 2 1 5 . 9 1 5 . 5 2 5 . 4 0 3 1 . 9 7 + 2 3 . 0 0 1 6 . 1 0 
2 . 6 0 - — 3 . 3 5 3 . 5 7 5 . 9 7 + 5 . 6 9 5 . 4 2 2 4 . 8 7 2 2 . 5 0 2 3 . 1 5 + 
2 . 8 4 3 . 1 2 6 . 0 2 + + 5 . 4 8 2 8 . 7 0 1 6 . 3 5 
3 . 5 9 3 . 2 3 4 . 3 7 6 . 1 6 6 . 5 3 6 . 0 3 2 3 . 9 7 2 4 . 1 3 2 3 . 4 0 
3 . 6 7 3 . 5 4 3 . 3 9 6 . 1 8 6 . 1 8 — 5 . 4 3 2 7 . 4 7 2 4 . 7 8 1 6 . 5 0 -
3 . 3 1 2 . 9 3 5 . 9 6 5 . 2 4 1 9 . 9 5 1 6 . 6 5 -
7 . 4 9 6 . 4 4 6 . 2 3 8 . 9 9 8 . 6 3 6 . 2 5 4 1 . 4 3 3 7 . 2 0 2 7 . 7 5 
6 . 5 9 6 . 4 5 6 . 0 3 8 . 8 9 9 . 0 5 7 . 2 2 + + 3 1 . 7 3 3 4 . 2 7 3 1 . 4 0 
4 . 7 2 - — 5 . 9 3 6 . 0 6 8 . 4 2 " - - 8 . 3 4 - - 8 . 3 1 + + + 2 7 . 5 3 - - 2 4 . 8 0 - - 2 6 . 2 5 
5 . 0 8 5 . 3 2 4 . 4 5 7 . 5 8 7 . 2 4 6 . 7 2 4 0 . 4 7 2 3 . 4 3 2 3 . 5 0 
5 . 4 0 4 . 9 0 4 . 1 2 7 . 5 7 6 . 9 5 - 6 . 3 7 _ 4 1 . 9 0 2 0 . 9 3 2 1 . 2 5 
4 . 2 1 - — 4 . 9 4 4 . 1 0 7 . 1 8 — 7 . 0 0 6 . 6 7 3 2 . 0 0 - 2 4 . 5 0 2 4 . 4 5 
3 . 8 1 3 . 1 7 3 . 5 7 6 . 7 9 7 . 1 6 6 . 3 9 2 2 . 9 7 2 2 . 8 3 2 0 . 4 5 
3 . 4 3 " 2 . 9 1 3 . 6 9 6 . 3 5 6 . 1 7 6 . 3 1 2 0 . 2 0 2 1 . 0 3 1 9 . 3 5 
2 . 7 6 - 3 . 0 3 6 . 0 7 6 . 3 5 1 8 . 7 7 1 7 . 1 5 
characters which have changed tinder the effect of treatment in two subsequent 
generations, while there are others which could have been influenced only by 
treatment in three generations. 
Results of yield components in M3 of acute and recurrent treatments can 
be compared in Table 3. A t Dukat variety the repeated irradiation reduced 
the plant height and seed numher/pod, but did not affect the other characters, 
while acute treatment increased the plant height, the pod number and seed 
number/plants. The plant height was lessened by all t y p e s of treatments with 
25 Gy at Paloma. Fewer seeds/pod and seeds/plant were observed from this 
dosage. 
In the case of BR 52 pod number/plant and pod length were increased 
by acute and recurrent treatments. 
The effect of acute and irradiation repeated three t imes was the same 
on plant height and pod length of Újmajor early varieties. 
The three-repeated irradiation caused changes in plant height and pod 
length at Marro. Changes in other characters could not he proved statistically. 
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Table 2 
Quantitative characters of ]>ea varieties in M2", M 3 " M/" generations treated with recurrent 
Varie t ies 
D o s e s 
« У 
P l a n t he ight P o d n u m b e r 
M„. M „ 
Ml M," M ' " М Г M," M i " 
D u k a t 6 3 . 8 3 6 4 . 8 0 6 4 . 8 0 7 . 2 5 4 . 0 0 4 . 0 0 
2 5 5 9 . 6 0 5 1 . 3 0 4 4 . 6 0 - - 6 . 7 7 4 . 4 5 3 . 9 5 
5 0 5 2 . 7 0 6 0 . 1 5 4 0 . 1 5 6 . 3 3 5 . 1 5 + + + 3 . 8 5 
Paloma — 4 8 . 1 3 4 9 . 1 0 4 9 . 1 0 5 . 4 7 5 . 2 0 5 . 2 0 
2 5 4 9 . 5 0 4 4 . 3 5 - - 4 0 . 1 5 9 . 6 0 + + ^ - 6 . 3 0 5 . 0 5 
B R 52 — 6 6 . 5 0 6 6 . 2 0 6 6 . 2 0 5 . 8 3 4 . 4 0 4 . 4 0 
2 5 5 6 . 5 0 6 9 . 4 5 5 2 . 6 0 5 . 2 7 5 . 4 5 + 4 . 2 0 
U j majori — 4 2 . 8 0 4 1 . 0 0 4 1 . 0 0 4 . 4 3 5 . 4 5 5 . 4 5 
early 2 5 4 1 . 3 0 4 9 . 4 5 + + + 3 0 . 5 5 5 . 7 0 + 6 . 5 5 4 . 4 0 
M arro — 6 0 . 9 0 5 5 . 8 0 5 5 . 8 0 7 . 3 3 5 . 7 0 5 . 7 0 
2 5 5 4 . 2 3 5 8 . 6 0 5 1 . 7 5 - 6 . 4 3 6 . 0 5 5 . 6 5 
M i / — t r e a t e d by gamma r a y s in two subsequent generations (M„ a n d M,) 
М/ — t r e a t e d by gamma r a y s in two subsequent generations (M0 a n d M () but not t r ea ted 
in M2 
M j " - t r e a t e d by gamma r a y s in three subsequen t generations (M 0 , M, and M2) 
Significant at 5 % level + or — 
1°„ level + + or  
0.5",, level + + + or  
Discussion 
Reactions of Dukat, Pa loma, BR 52, Újmajor early and Marro varieties 
to acute gamma irradiation varied. There were differences among varieties in 
radiation sensit ivity. The s a m e dosage affects the same y ie ld component in 
different ways at different genotypes. Plant height was the least variable 
character in the Mj generation. The 25 Gy dose of gamma rays did not cause 
any changes at Paloma, Újmajor early and Marro varieties but improved the 
pod number and seed number/plant at Dukat . The improvement of yield 
components could only be proved in M, at D u k a t as a result of the 75 Gy dose. 
A decrease in plant height ( B R 52, Újmajor early, Marro) and pod length 
(Paloma, BR 52, Újmajor early , Marro) was found (Table 1). 
An inheritance of a higher pod number for Dukat (treated with 50 and 
75 Gy) was proved in M3. Pos i t ive changes could be registrated at Paloma 
(50 Gy, plant height, pod number) , BR 52 (25 and 50 Gy, pod number and pod 
length) and Újmajor early (50 Gy, plant height) in our experiments. There 
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gamma irradiation in two and in three subsequent generations 
S e e d n u m b e r / p o d Pod l e n g t h Seed n u m b e r / p l a n t 
M r M Z M ; " М Г М
У 
M ; " М Г M , " 
3.49 3.25 3.25 5.71 5.21 5.21 25.50 13.05 13.05 
2 .93- 3.49 2.97 4.56 5.08 5.31 19.23 15.95 11.40 
2.43 - 3.18 1.88 5.29_ 4.50 5.30 15.23 16.10 9.13 
4.23 4.37 4.39 6.53 6.03 6.03 23.14 23.40 23.40 
3.13 3.91 2.83 5.35 5.20 5.87 30.33 22.90 1 2 . 9 0 - -
6.44 6.23 6.23 8.63 6.65 6.65 37.20 27.75 27.75 
4.38 - - 4.62 4 .42"" 7.43 7.32 + 8.15 + + + 23.23 28.00 1 9 . 0 5 -
5.32 4.45 4.45 7.24 6.72 6.72 23.43 23.50 23.50 
2 .92— 4.56 2.80 6.14 5.79 6.65 16.63 28.05 16.45 
3.17 3.57 3.57 7.16 6.39 6.39 22.83 20.45 20.45 
2.68 3.65 3.00 5.98 5.79 6.25 16 .90— 20.75 16.45 
were no changes determined in yield components in M3 at Marro. The most 
successful acute irradiation was at D u k a t , therefore, it can be used for the 
improving of quantitative characters at this variety. 
The repeated irradiation of pea varieties was more successful at Paloma 
than at the others. This type of treatment had an ef fect mostly on the seed 
number/pod, pod length and seed number/plant, but had less influence on the 
pod number (it was enlarged at Paloma and Újmajor early). The recurrent 
irradiation in three subsequent generations was less successful in improving 
the yield components than in two generations. 
Acute and recurrent irradiation can he used for widening genetic varia-
tion, for increasing mutat ion frequency and for improving some quantitat ive 
characters at different pea varieties. 
Our findings confirm the work of Jaranowsky (1976), Monti and Doniui 
(1968), who found similar results examining responses of different varieties for 
the same acute doses, as well as of Jaranowsky and Micke (1985) w h o sum-
marized the mutation breeding of pea. 
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Table 3 
Comparison of quantitative characters of pea varieties in M:j generation 
D o s e » P l a u t h e i g h t P o d n u m b e r 
V ' ' ar ie t ies 
G y c m p c 
M„, M „ 
M. M , 
Щ' 
M , ' M , M ; ' 
D u k a t 64.80 64.80 64.80 4.00 4.00 4.00 
25 59.40 51.30 44 .60- 5.00 4.45 3.95 
50 72.50 + 60.15 40.15 6.85 + + + 5.15 + + + 3.85 
75 69.30 5.25 + + 
Palo tna — 49.10 49.10 49.10 5.20 5.20 5.20 
25 39.40 44.35 - 40.15 4.90 6.30 5.05 
50 72.90+ + + 6.40 + 
B R 52 — 66.20 66.20 66.20 4.40 4.40 4.40 
25 69.70 69.45 52.60 5.20 + 5.45 + 4.20 
75 62.85 4.10 
Ú j m a j o r — 41.00 41.00 41.00 5.45 5.45 5.45 
early 25 3 6 . 8 5 - - 49.45 + + + 30.55 5.15 6.55 4.40 
50 47.50 6.00 
Marro — 55.80 55.80 55.80 5.70 5.70 5.70 
25 52.30 58.60 5 1 . 7 5 - 5.40 6.05 5.65 
50 49.40 5.25 
Ma — t r e a t e d by acute g a m m a rays in M 0 
Mj' — t r e a t e d by gamma r a y s in M0 and M j 
M , ' " — t r e a t e d by gamma r a y s in M0, M4 a n d M2 generations 
Significant a t 5% level + or ~ 
1% level + + or - -
0.1% level + + + or  
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treated with acute and recurrent gamma irradiation 
Seed number /pod Pod length Seed number /p lan t 
pc cm pc 
M, M " M L " M, M;/ 4,' M, M , " 
3 . 2 5 3 . 2 5 3 . 2 5 5 . 2 1 5 . 2 1 5 . 2 1 1 3 . 0 5 1 3 . 0 5 1 3 . 0 5 
3 . 2 1 3 . 4 9 2 . 9 7 5 . 4 0 5 . 3 1 5 . 0 8 1 6 . 1 0 1 5 . 9 5 1 1 . 4 0 
3 . 5 7 3 . 1 8 1 . 8 8 5 . 4 2 5 . 3 0 4 . 5 0 2 3 . 1 5 + 1 6 . 1 0 9 . 1 3 
3 . 1 2 5 . 4 8 1 6 . 3 5 
4 . 3 7 4 . 3 7 4 . 3 9 6 . 0 3 6 . 0 3 6 . 0 3 2 3 . 4 0 2 3 . 4 0 2 3 . 4 0 
3 . 3 9 3 . 9 1 2 . 8 3 — 5 . 4 3 5 . 8 7 5 . 2 0 1 6 . 5 0 - 2 2 . 9 0 1 2 . 9 0 
2 . 9 3 5 . 2 4 1 6 . 6 5 -
6 . 2 3 6 . 2 3 6 . 2 3 6 . 2 5 6 . 6 5 6 . 6 5 2 7 . 7 5 2 7 . 7 5 2 7 . 7 5 
6 . 0 3 4 . 6 2 4 . 4 2 - - 7 . 2 2 + + 8 . 1 5 + + + 7 . 3 2 + 3 1 . 4 0 2 8 . 0 0 1 9 . 0 5 
6 . 0 6 8 . 3 1 + + + 2 6 . 2 5 
4 . 4 5 4 . 4 5 4 . 4 5 6 . 7 2 6 . 7 2 6 . 7 2 2 3 . 5 0 2 3 . 5 0 2 3 . 5 0 
4 . 1 2 4 . 5 6 2 . 8 0 6 . 3 7 " 6 . 6 5 5 . 7 9 2 1 . 2 5 2 8 . 0 5 1 6 . 4 5 
4 . 1 0 6 . 6 7 2 4 . 4 5 
3 . 5 7 3 . 5 7 3 . 5 7 6 . 3 9 6 . 3 9 6 . 3 9 2 0 . 4 5 2 0 . 4 5 2 0 . 4 5 
3 . 6 9 3 . 6 5 3 . 0 0 6 . 3 1 6 . 2 5 5 . 7 9 1 9 . 3 5 2 0 . 7 5 1 6 . 4 5 
3 . 0 3 6 . 3 5 1 7 . 1 5 
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DIALLEL ANALYSIS OF YIELDING TN P E P P E R S 
J . SZWADIAK and R . KORDUS 
D E P A R T M E N T OK H O R T I C U L T U R A L P L A N T B R E E D I N G , C H A I R O F G E N E T I C S A N D P L A N T 
B R E E D I N G , U N I V E R S I T Y O F A G R I C U L T U R E , P O Z N A N , P O L A N D 
(Received: 1st August 1989; accepted: 24th F e b r u a r y 1990) 
A genetic ana lys i s of the t o t a l and commercial yields was carried ont on 5 lines 
a n d 20 F , hybrids of pepper , obta ined f r o m complete diallel crossing. The e f fec t s of the 
genera l and specific combining abi l i t ies .and the ma te rna l effects , proved to be s ignif icant 
in the inheri tance of b o t h tested f ea tu re s . The general and commercial yields were deter-
m i n e d by the n o n a d d i t i v e action of genes much more t h a n t he addit ive one. 
Keywords: Capsicum annuum L., pepper, to ta l a n d commercial yields, diallel 
cross, combining abi l i t ies , components of genotype va r i a t i on 
Introduction 
Pepper is a plant with high environmental requirements. In the field 
growing conditions of Poland, the cultivars and breeding lines of this species 
give very v ariable yields in different years of growing, which suggests that 
there occur significant genotype-environment interactions (Karolini 1979, 
Kowalewski 1983 and 1984, Kordus 1988). 
From research carried out in the Department of Horticultural Plant 
Breeding, of the Chair of Genetics and Plant Breeding in Poznan University of 
Agriculture, results indicate that heterosis breeding of pepper offers the best 
chances to obtain early forms with lower environmental requirements and 
greater yield stability. 
To assess breeding v alue of the initial lines as components for crossing, 
and to determine possible the maternal effects and importance of the nonad-
ditive action of genes ill the inheritance of examined features, the parental 
forms and the F, hybrids obtained from the diallel system according to the 
method 1 by Griffing (Griffing 1956) were analysed. 
Materials and methods 
I n 1988 five lines of sweet pepper (Tab le 1) and t w e n t y F 4 hybrids were t e s t ed . 
T h e plant ma te r i a l was analysed b y a field expe r imen t set in a sys tem of complete 
r andomized blocks in t h r e e replications. T h e results concerning to ta l and commerc ia l yields 
were w o r k e d out s ta t i s t ica l ly using c o m p u t i n g program ABS-81 (Dobek et al. 1980). 
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The pe rcen tages of the add i t i ve and nonadd i t ive var iance, in the general genotype 
var iance of the t e s t e d features , were de te rmined according to the scheme given by Smith et al. 
(1973). Appropr ia te es t imators of va r i ance c o m p o n e n t s were calculated according to t he 
fo rmulae devised b y Dobek et al. (19771. 
Table 1 
Initial lines 
Cultiver» Origin 
k - 1 Karmin Hungary 
ET 23/399 Hungary 
T 112/7/23 — Hungary 
PS-206 Poznanska Slodka Poland 
PS-198 Poznanska Slodka Poland 
Results and discussion 
Variance analyses of the diallel tables proved a significant role of general 
effects and specific combining abilities in ihe inheritance of both features 
(Table 2). The significance of the gco and sea effects in shaping the total yield 
of sweet and hot pepper was found by, among others, Khalf—Allah et al. 
(1975), Singh and Singh (1978 and 1981), Singh and Rai (1986), Kordus (1988). 
Positive general combining abilities in the total and commercial yield 
were determined for the ET 23/399 line, while significantly negative GCA 
values were assessed in the two remaining lines of Hungarian origin (Table 3). 
Variance analyses also proved the significance of reciprocal effects in 
the expression of examined features in the E, hybrids (Table 2). The important 
role of the maternal effects in the pepper yield was also found by Silvetti and 
Grassia (1976), Singh and Singh (1978 and 1981) and Kordus (1988). 
Significantly positive ME (maternal effect) values in the total ami com-
mercial yield were determined in the ET 23/399 line, while in the T 112/7/23 
line significantly negative maternal effects were found in the commercial yield 
(Table 4). 
An estimation of the specil'ic combining abilities established significantly 
positive values for the both examined features in several combinations of pa-
rental pairs, hut only in the case of crossing Hungarian lines with the Polish 
ones (Table 5). The crossing combination PS-206 X PS-198 (the lines originating 
from the Poznanska Slodka cultivar) was characterized by significantly nega-
t ive sra effects both in the total and commercial yield. This indicates the 
importance of the genetic distance (differentiation) of the forms used in the 
crossing project in expression of the sea effects among the analysed F, hy-
brids. 
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Table 2 
Variance analysis of diallel tables 
Mean squares 
Sou rce of variat ion df 
T o t a l y ie ld Commercial 
yield 
General combining 
ab i l i ty 4 0.0178** 0.0173** 
Specific combining 
abi l i ty 10 0.0234** 0.0220** 
Materna l effects 4 0.0099* 0.0088* 
Er ror 48 0.0036 0.0024 
* P - 0.05 ** P 0.01 
Table 3 
Estimation of general combining ability effects 
Commercia l 
y ie ld 
K - l -0.0391* —0.0382** 
F T 23/399 0.0517** 0.0503** 
T 112/7/23 —0.0133* —0.0451** 
PS-206 —0.0011 0.0002 
PS-198 0.0321 0.0329 
* P = 0.05 ** P = 0.01 
Table 4 
Estimation of maternal effects 
Commercia l 
To ta l yield
 y i ( , l d 
K — 1 0,0040 0,0072 
E T 23/399 0.0513** 0.0466** 
T 112/7/23 —0.0300 —0.0313* 
PS-206 —0.0056 —0.0062 
PS-198 —0.0197 —0.0164 
* P = 0.05 ** P = 0.01 
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Table 5 
Estimation of specific combining ability effects 
Combinat ion of p a r e n t a l 
pair-> To ta l yield 
Commercial 
yield 
K - l x E T 23/399 0.011 0.004 
K - l x T 112/7/23 0.035 0.042 
K - l X PS-206 0.074* 0.069* 
K - l X PS-198 0.035 0.032 
E T 23/399 x T 112/7/23 
—0.005 —0.013 
E T 23/399X PS-206 0.079* 0.082** 
E T 23/399 X PS-198 0.144** 0.140** 
T 112/7/23 X PS-206 0.021 0.014 
T 112/7/23 X PS-198 0.083* 0.089** 
PS-206 X PS-198 —0.140** — 0.133** 
* P = 0.05 ** P = 0.01 
Due to the significant role of the reciprocal effects further detailed ana-
lyses of the diallel tables proved impossible. In this situation it ivould appear 
interesting to determine the proportion of the gca (additive) and sea (nonad-
ditive) effects in the genotype variance of the examined features. 
The results presented in Table 6 indicate that in the toal and commercial 
yield the nonadditive variance played a much more important role than the 
additive one. These results agree with those concerning the total pepper yield 
provided by Khal f -Al lah et al. (1975), Singh and Singh (1978) and Singh and 
Rai (1986). 
Table 6 
Percentage of additive and nonadditive variance in general genotype variance 
Genotype v a r i a n c e 
Fea tu res  
addi t ive n o n a d d i t i v e 
Tota l yield 9.9 90.1 
Commercial yield 7.2 92.8 
Conclusions 
(1) The effects of the general and specific combining abilities played a signifi-
cant role in the inheritance of the total and commercial yield of the F, 
hybrids. 
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(2) The effects of the uonadditive action of genes had a great importance in 
shaping analysed features, which indicates the particular usefulness of the 
heterosis method in breeding pepper for f ie ld growing. 
(3) Due to the significance of maternal effects, it appears necessary to per-
form two directional crossings to find the most valuable idiotypes in the 
F 4 generation. 
(4) Among the tested parental components, the ET 23/399 l ine having signif-
icantly posit ive general combining abilities and positive maternal effects, 
both in the total and commercial yield, deserves particular attention. 
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ESTIMATION OF HETEROSIS IN KABULI 
CHICKPEA1 
G E L E T U B E J I G A and K . B . S l N G H 
I N T E R N A T I O N A L C E N T E K F O R A G R I C U L T U R A L R E S E A R C H I N T H E D R Y A R E A S ( I C A R D A ) , A L E P P O . 
S Y R I A 
(Rece ived : 26 th Sep t ember 1989: accep ted : 7 t h December 1989) 
To d e t e r m i n e heterosis in t h e k a h u l i t ype c h i c k p e a (C.icer arietinum J..), 53 F , S 
a n d 47 p a r e n t s w e r e grown in p a r t i a l l y ba lanced l a t t i c e design wi th 3 rep l ica t ions a t 
Te l H a d y a , t h e m a i n research s t a t i o n of t h e I n t e r n a t i o n a l Center f o r Agr icu l tu ra l 
Resea rch in t h e D r y Areas ( I C A R D A ) , Syria d u r i n g 1987-88. F o u r t y - o n e crosses 
including 6 at s t a t i s t i ca l ly s igni f icant level , showed he te ros i s for seed yield t o t h e ex ten t 
of 5 0 % . The he t e ro s i s in biological yield and h a r v e s t i n d e x con t r ibu ted t o heteros is in 
seed yield. T h e crosses between p a r e n t s of genet ical ly d ive rgen t origin p r o d u c e d greater 
h y b r i d vigour t h a n d id those b e t w e e n p a r e n t s of s imi la r origin. 
Keywords : c lus ter , genetic d ive rgence , hybr id v igour , t ransgress ive segregant 
Introduction 
[n chickpea (Cicer arietinum L.), a self-pollinated crop, the development 
of hybrid varieties at commercial scale is not feasible at present because of 
the problems associated with hybrid seed production. Cytoplasmic male steril-
ity and fertility restorers have not been reported. Muehlbauer and Singh 
(1987) summarized the reports on hybrid vigour in chickpea, and noted that 
high vigour had been observed for seed yield and other character. 
Much of the information reported on heterosis deals with the desi type 
chickpea (characterized by angular, small seed size, and coloured seeds, grown 
most ly in the Indian subcontinent). In the case of Kahuli type chickpea 
(characterized by rainliead-shaped, large seed size and beige coloured seeds, 
and grown mostly in the Mediterranean region), information on heterosis is 
scanty. Furthermore, even in the desi type, heterosis has been reported from 
a small number of crosses grown at wide spacings. In this study, 53 crosses 
were grown at normal plant density at Tel Hadya, Syria, to investigate he-
terosis in the Kabuli type chickpea in a typical Mediterranean climate. 
1
 J o i n t c o n t r i b u t i o n f r o m the I n t e r n a t i o n a l Center f o r Agricul tural R e s e a r c h in the 
Drv A r e a s ( I C A R D A ) . P . D . B o x 5466, A leppo , Syria and t h e In t e rna t iona l Crops Research 
I n s t i t u t e fo r the Semi-Ar id Tropics ( I C R I S A T ) , P a t a n c h e r u , P .O . , A.P. 502 324 I n d i a . 
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Materials and methods 
For ty-seven p r o m i s i n g parents, inc lud ing the elite ge rmplasm and breed ing lines, were 
selected for dif ferent cha rac t e r s and crosses were made in 1986-87. The p a r e n t s and 53 F2 
hybr id s were grown d u r i n g the 1987-88 season at Tel H a d y a , the main research of ICARDA, 
Syr ia . T h e sowing was done on 10th December 1987 in a 1 0 x 1 0 part ial ly ba lanced lat t ice 
design wi th 3 repl ica t ions . Each ent ry w a s sown in a 3 m e t r e single row p lo t wi th normal 
spacing, 45 cm be tween rows and 10 cm w i d t h of row. F ive border plants were sown at the 
ends of each row to avo id border effects. S t a n d a r d cul tura l pract ices were fol lowed as recom-
mended for the win te r - sown chickpea crop . 
Observat ions w ere recorded of t he t i m e to flowering and matu r i ty plant he igh t , number 
of p r i m a r y and secondary branches, pods /p l an t , biological yield and seed y ie ld /p lo t , 100 seed 
weight , and harvest i n d e x . The analysis of variance.was carr ied ou t for each c h a r a c t e r separately . 
Heteros is over be t t e r p a r e n t and s t a n d a r d check (1LC 482) was est imated for e a c h character 
in each cross (I.iang e t . al. 1972). Direct and indirect re la t ionships between heterosis of seed 
yield and other c h a r a c t e r s were de te rmined (Steel and Tor ie 1980). Using t h e t r ans fo rmed 
s t andard ized popula t ion means , the D 2 v a lue between 2 popula t ions was c o m p u t e d as the 
s u m m a t i o n of squares of differences in mean values for each character . T h e pa ren t s were 
grouped into clusters based on D2 values (iVIahalanobis 1936). 
Results and discussion 
Analyses of variance showed significant differences between the entries 
for all characters except primary branches. Both positive and negative hetero-
sis was observed for all characters when comparison was made with the better 
parent (Table 1). But when F ts were compared with the standard cultivar 
(ILC 482), positive heterosis was observed for days to flower, biological yield, 
and both positive and negative heterosis for the remaining characters. The 
mean heterosis for all 53 crosses was positive for plant height, primary bran-
ches, pod number, biological yield, and was negative for days to flower, days 
to maturity, secondary branches, seed-weight, and harvest index (Table 1). 
Table 1 
Mean and range of heterosis (%) in 53 chickpea crosses over better parent and 
standard cultivar (ILC 482) 
C h a r a c t e r 
R a n g e of he te ros i s ( % ) o v e r M e a n 
h e t e r o s i s 
C o ) b e t t e r p a r e n t s t a n d a r d cu l t iva r 
Days to flower — 6 . 5 t o 7 . 0 0 . 0 to 7 . 8 — 3 . 8 
Days to m a t u r i t y - 3 . 2 to 8 . 0 — 1 . 1 to 2 . 3 - 1 . 2 
Plan t height — 2 7 . 8 t o 1 8 . 6 — 1 3 . 3 to 4 8 . 9 2 . 1 
Primary b ranches 2 5 . 0 t o 6 6 . 6 - 2 5 . 0 to 5 0 . 0 7 . 9 
Secondary b r anches 5 8 . 3 to 4 2 . 9 — 4 2 . 9 to 7 1 . 4 — 2 3 . 7 
Pods/plant 2 9 . 7 to 5 5 . 3 — 2 3 . 5 to 7 3 . 5 1 . 4 
Biological yield 3 1 . 7 to 4 5 . 8 0 . 7 to 1 1 6 . 9 4 . 1 
Seed yield 2 5 . 7 to 4 9 . 5 8 . 9 to 6 7 . 5 1 1 . 3 
100-seed weight — 2 8 . 6 to 8 . 8 1 0 . 7 to 8 9 . 3 1 2 . 3 
Harvest index — 3 1 . 5 to 1 3 . 9 — 4 0 . 7 to 9 . 3 — 0 . 1 
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The heterosis for seed yield was found to the extent of 50%. Six crosses 
yielded significantly higher than their respective better parents and the 
standard cultivar (ILC 482) (Table 2). The heterosis reported here was found 
at the recommended plant populations. Much of the heterosis reported in the 
literature is based on wide spacing. Therefore, the heterosis obtained in this 
study, especially in 6 crosses, where it was between 37'% and 50%, could he 
exploited in the cultivar development programme. Production of hybrid va-
rieties in chickpea is not possible at the moment in the absence of many 
prerequisites, hut crosses showing significant heterosis may throw transgres-
sive segregants which might he superior to the standard cultivar. 
As far as the authors know, this is the first study on heterosis involving 
both parents of the Kahuli type. Also, this is the first study on heterosis iu 
the Mediterranean basin comprising southern Europe, North Africa and West 
Asia. 
Table 2 
Heterosis (%) in Fl for crosses which gave significantly more seed yield than better 
parent and standard cultivar 
Crosses 
H e t e r o s i s (' 
b e t t e r .« 
p a r e n t 
% ) ove r 
s tandard 
cu l t iva r 
F L I P 8 1 -
-293CX F L I P 8 3 --72C* 45.9 40.8 
F L I P 81- 293CX F L I P 8 4 --78C* 49.5 33.5 
F L I P 8 1 - 293CX F L I P 8 4 - 93C* 45.7 52.5 
I L C 4090* X F L I P 84— 91С 38.1 63.6 
F L I P 8 4 - 164CX ICC 14218 * 41.7 67.5 
F L I P 8 5 - 4 C x ICC 14219* 37.8 56.0 
*hetler parent 
The heterosis of seed yield had a significant correlation only with the 
heterosis of biological yield. However, the path coefficient analysis indicated 
that heterosis for both biological yield and harvest index contributed to the 
heterosis for seed yield (Table 3). Obviously, biological yield and harvest index 
are the prime contributors to seed yield. This f inding is iu contrast with earlier 
findings, where heterosis in seed yield was found to be influenced by heterosis 
in the pod number and branch number (Singh et al. 1973, Mandai and Bald 
1984). This difference could be due to earlier researches not including biological 
yield and harvest index in their studies. 
Following D 2 values, 47 parents were grouped in 9 clusters. Twenty-three 
parents were grouped in in cluster I, whereas cluster VII, VII I , and IX con-
sisted of only one entry each (Tabic 4). The majority of the breeding (FLIP) 
lines which were grouped together in different clusters were sister lines derived 
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Table Л 
Direct and indirect relationships between heterosis of seed yield and other characters 
D F D M H G T P R B S E B p / p B Y L D loosw H I C o r r e l a t i o n coe f f i c i en t 
D F 0.085 — 0 . 0 4 1 0 . 0 0 2 0 . 0 0 1 — 0 . 0 1 0 0 . 0 0 8 0 . 1 4 5 — 0 . 1 4 0 — 0 . 0 1 5 0 . 0 6 0 
DM 0 . 0 1 5 —0.232 0 . 0 1 3 — 0 . 0 0 5 0 . 0 0 4 0 . 0 1 2 0 . 0 7 5 — 0 . 0 4 7 — 0 . 0 0 6 — 0 . 1 7 1 
HGT 0 . 0 0 1 —0.015 0.207 — 0 . 0 0 9 — 0 . 0 0 4 0 . 0 0 7 0 . 1 3 2 — 0 . 0 7 8 — 0 . 0 6 9 0 . 1 7 1 
P R B 0 . 0 0 1 0 . 0 1 2 — 0 . 0 2 0 0.092 — 0 . 0 0 9 — 0 . 0 5 7 0 . 0 0 2 0 . 0 0 9 — 0 . 0 0 1 0 . 1 4 3 
S E B 0 . 0 2 9 0 . 0 3 0 0 . 0 3 0 0 . 0 2 7 —0.030 0 . 0 7 6 0 . 0 1 5 — 0 . 0 5 6 — 0 . 0 7 5 0 . 1 3 7 
P / P 0 . 0 0 5 — 0 . 0 2 1 0 . 0 1 1 0 . 0 3 9 — 0 . 0 1 7 0.014 0 . 0 7 3 — 0 . 0 5 7 — 0 . 0 4 5 0 . 1 2 4 
B Y L D 0 . 0 2 2 — 0 . 0 3 1 0 . 0 4 8 0 . 0 0 1 — 0 . 0 0 6 0 . 0 1 7 0.567 0 . 0 1 5 — 0 . 2 4 6 0 . 3 8 7 ' 
1 0 0 S W 0 . 0 3 1 — 0 . 0 3 4 0 . 0 5 1 — 0 . 0 0 3 — 0 . 0 0 5 0 . 0 2 4 — 0 . 0 2 6 —0.317 0 . 0 1 2 — 0 . 2 6 7 
H I — 0 . 0 0 3 0 . 0 0 4 — 0 . 0 3 4 — 0 . 0 0 1 0 . 0 0 5 — 0 . 0 1 4 — 0 . 3 3 0 — 0 . 0 0 9 0.422 0 . 0 4 0 
Residual effect = 0.756, underlined are direct effects. 
I )F = Days to flower, DM = Days to ma tu r i ty , HGT — Plant height , P R B = P r imary branches, S E B — Secondary branches, P / P = 
Pods/plant , BYI .D = Biological yield, 100SW = 100-seed weight, H I = Harvest index. 
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from the seme crosses. For example, among the breeding lines in cluster 1, FLIP 
83-47C, FLIP 83-48C, FLIP 83-72C, FLIP 84-80C, FLIP 84-81C, FLIP 84-
92С, FLIP 84-93C, FLIP 84-146C, and FLIP 84 -1810 were selected from 
a cross ILO 7 2 x l L C 215, and F L I P 84-145C had I LO 72 as one of the parents. 
Some germplasm lines, such as IOC 14197 anil ICO 14218, were of similar origin 
(ex-India). Generally, the F, hybrids produced from the cross between the 
parents from the same cluster group showed non-significant heterosis for seed 
yield. On the other hand, all of the six crosses (FLIP 81-2930 X F L I P 83-720, 
F L I P 8 1 - 2 9 3 0 X F L I P 84-780 , F L I P 8 1 - 2 9 3 0 x F L I P 84-930 , ILO 4 0 9 0 x 
X F L I P 84-910, F L I P 8 4 - 1 6 4 0 x 1 0 0 14218. and F L I P 8 5 - 4 0 x 1 0 0 14219) 
which produced significant heterosis for seed yield involved parents of gene-
tically divergent origin. Therefore, it is suggested that, in order to obtain high 
hybrid vigour, crosses between parents of genetically divergent origin may lie 
made. 
Hybrid eultivars are being increasingly produced in self-pollinated crops. 
Therefore, it would he worth-while to search for cytoplasmic male sterile and 
restorer lines and some easv means to cross pollinate them. 
Table 4 
Clusters fur the parents used ill 53 crosses 
Clus ter Entr ies 
I F L I P 8 2 - 87C, F L I P 82- 1890, F L I P 83 7C, F L I P 83—I5C, F L I P 83—470, 
F L I P 83—48C. F L I P 83—72C, F L I P 83- 980, F L I P 83—104C, F L I P 84—80C, 
F L I P 84—81C, F L I P 84—92C, F L I P 84—93C, F L I P 84—I02C, F L I P 84—143C, 
F L I P 84— 1640, F L I P 84—181C, F L I P 84—1450, ILL 1929, I L L 1934, 1LC 4921, 
1LC 5342, ILC 493. 
I I — F L I P 84—78C, F L I P 85—160, ILC 3396, ICC J42I9. 
I I I F L I P 85—1С, F L I P 85—2C, F L I P 85—40, ILC 4090, ILC 4921, ICC 11197, 
ICC 14218. 
IV — F L I P 82—150C, F L I P 84—155C, ILC 295, ILC 482. ILC 1919. 
V F L I P 84—790, F L I P 84 91C, F L I P 84—990. 
VI F L I P 81—293C, ILC 3279. 
V I I F L I P 84 1090. 
VI II ILO 1920 
I X F L I P 85—460 
FLIP (bleeding lines developed at ICARDA) 
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Animal Physiology and Biochemistry 
COMPOSITION OF THE COLOSTRUM IN 
TWINNING CATTLE 
J . CSAPÓ, G Y . W O L F , Z S . C S A P Ó - K I S S , J . S Z E N T P É T E R I and J . K i s 
PANNON UNIVERSITY OF AGRICULTURAL SCIENCES, ANIMAL BREEDING FACULTY, 
KAPOSVÄH, H U N G A R Y ' 
(Received: 4 t h N o v e m b e r 1988: a c c e p t e d : 6th J u n e 1989) 
T h e au thors d e t e r m i n e d the compos i t ion of the c o l o s t r u m in 32 twinning- a n d 
32 single-calf cows on t w o s t a t e fa rms . T h e f o u n d t h a t t h e f i r s t milked co los t rum of 
cows w i t h H u n g a r o - F r i e s i a n and Hols te in -Fr ies ian male p a r e n t dropping t w i n s con-
t a i n e d s ignif icant ly m o r e d r y ma t t e r , t o t a l p ro te in , t rue p r o t e i n , whey p ro te in , t r u e 
w h e y p ro t e in and i m m u n o g l o h u l i n - G t h a n did t h a t of cows d ropp ing a single calf . 
I n t h e other a n a l y s e s (of casein, N P N , a m i n o acids, b io logical value, m a c r o - a n d 
mic roe lement s ) no s ign i f i can t difference in t h e composi t ion of t h e colostrum cou ld be 
d e t e r m i n e d between t w i n n i n g - and single-calf cows, despi te s o m e cases of d i f fe rences in 
t h e ave rages . 
I t was es tabl i shed t h a t the sex of t h e p rogeny of t w i n n i n g cows had no i n f l u e n c e 
on t h e composi t ion of t h e co los t rum. 
Keywords : c a t t l e , composi t ion of co lo s t rum, immunog lobu l iu -G , whey p r o t e i n s , 
a m i n o acid composi t ion , biological va lue , t w i n n i n g 
Introduction 
Studying the composition of the colostrum from twinning goats and 
sheep, we found that their first milked colostrum (0.5-1 hour after dropping) 
contained significantly more dry matter and total protein on a P — 0.1—1% 
level, and more true protein, whey protein, true whey protein and immunoglo-
bulin-G o n a P = 0.1% level than did the colostrum of those dropping a single 
young. The above differences disappeared 24 hours after dropping, and no 
significant difference in the composition of the colostrum could afterwards In-
found between twinning and single-dropping animals. We published these 
findings in 1988. 
Simultaneously with the above investigations, we collected colostra from 
twinning cows in two places, in the Hajdúnánás State Farm and the Szigetvár 
State Farm, in order to compare information obtained wi th cattle to the results 
of examinations of goats and sheep. 
In the course of 1986 and 1987 we collected milk samples from 32 cows, of 
which 9 dropped 2 bull calves, 8 dropped 2 heifers, and 15 cows birth to calves 
of mixed sex. In the present paper we wish to present the results of this two-
year work. 
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As reported in an earlier publication (Csapó et al. 1988) we have found 
neither in the foreign nor in the Hungarian literature any reference to a pos-
sible influence of twin dropping on the composition of the colostrum. Since 
our present work is only aimed at comparing single-calf- and twinning cows 
for the composition of the colostrum, we do not intend to repeat data on this 
subject, which is already abundant in the relevant literature. A literary review 
is therefore not contained in this paper. 
Materials and methods 
Genotypes examined, colostrum- and milk sampling 
Since o u r previous inves t iga t ions (Csapó 1984h) unequivocally showed t h a t in t h e 
colostra of d i f f e r e n t genotypes s igni f icant b reed -dependen t differences occurred, we m a d e 
sure t h a t the cows examined were of t he same g e n o t y p e , and only colos t ra f rom single-calf-
a n d twinning cows k e p t under i den t i ca l condit ions in t h e same fa rm were compared . T h u s we 
chose a popu la t i on with Hols te in-Fr ies ian male p a r e n t obtained b y a l t e rna t ing Hols te in-
Fr ies ian and J e r s e y crossing ( 6 2 , 5 % Hols te in-Fr ies ian -j- 25% Je r sey + 12.5% H u n g a r i a n 
spo t t ed ) in t he H a j d ú n á n á s S ta te F a r m , and a Hungaro-Fr ies ian p o p u l a t i o n of similar geno-
t y p e in the S z i g e t v á r Sta te F a r m . K n o w i n g t h a t t h e envi ronment m a y also affect the com-
posit ion of the co los t rum, we c o m p a r e d only the colostra of cows k e p t u n d e r identical condi-
t i o n s . 
The p o p u l a t i o n of Holstein-Friesian male p a r e n t in H a j d ú n á n á s p r o d u c e d in a t r a d i t i o n a l 
b o u n d keeping s y s t e m , were u n d e r summer feeding condit ions based decisively on grass . 
O u t of the 17 cows dropping twins , 5 dropped bull calves, 5 heifers, a n d 7 calves of mixed 
sex. FJght of t h e 17 cows examined began the 2nd a n d 9 the 3rd l ac t a t ion . Of the 17 cont ro l 
cows s imul taneous ly dropping single calves, 10 began t h e 2nd and 7 t he 3rd lactat ion. 
Of the* 15 Hungaro-Fr ies ian cows dropping t w i n s in Szigetvár, 4 gave bi r th to hul ls 
a n d 3 to heifers, w hile 8 cows d ropped calves of mixed sex. Both the tw inn ing - and the cont ro l 
cows began the f i r s t lactat ion. 
Since in t h e case of goats a n d sheep we had f o u n d that only colos t ra ex t rac ted im-
media te ly af ter d r o p p i n g showed di f ferences in composi t ion , we p r o m p t l y took co los t rum 
samples from cows a f t e r dropping ( w i t h i n half- to one hour ) , and collected no fu r the r samples . 
W h e n taking t he samples , we milked some 1.5-2 l i t res of colostrum by h a n d . 
Chemical analysis oj samples 
The e x t r a c t e d milk sample w a s fi l tered t h r o u g h gauze, then f rozen a t —20 °C un t i l 
processed. The d r y m a t t e r content w a s determined b y drying the samples to s teady we igh t 
according to s t a n d a r d MSZ 3744-67. 
The pro te in c o n t e n t and p ro t e in f ract ions of t h e samples were d e t e r m i n e d with Kjel-
Foss 16200 type q u i c k nitrogen ana lyse r . 
The pro te in f r ac t ions of the mi lk were s epa ra t ed as follows: f ront t h e whole milk f a t 
w a s expelled in c e n t r i f u g e in 10 m i n u t e s a t 8000 r .p .m. , t hen the p H w a s a d j u s t e d to 4.55 b y 
m e a n s of a OP-264 t y p e p H meter . T h e precipi ta ted casein was removed f ront the whey b y 
cen t r i fug ing for 10 m i n u t e s at 8000 r . p . m . F rom the whey ( N % X 6.38 = w h e y protein con t en t ) 
t h e whey protein w a s removed a f t e r prec ip i ta t ion w i t h 12.5% tr ichloro-acct ic acid, a n d in 
t h e t r ansparen t c lear solution o b t a i n e d the ni t rogen con ten t ( N P N ) w a s de te rmined . By 
s u b t r a c t i n g the N P N f r o m the n i t rogen con ten t of t he w hole milk we o b t a i n e d the t rue p ro te in 
n i t r o g e n content of mi lk , and by s u b t r a c t i n g the N P N f r o m the nitrogen of the whey pro te in 
w e obta ined the t r u e whey protein n i t r o g e n content of t h e milk. And wi th t h e ni trogen con ten t 
of t h e whey s u b t r a c t e d f rom the t o t a l nitrogen c o n t e n t t he nitrogen c o n t e n t of the casein 
w a s obtained. T h e n i t rogen content of t h e f ract ions in ques t ion multiplied b y the conversion 
f a c t o r 6.38 gave t h e pro te in content . 
The d e t e r m i n a t i o n of the immunoglobul iu-G c o n t e n t of the co los t rum w as carried o u t 
w i t h t he simple immuno-di f fus ion m e t h o d described by Mancini et al. (1965) in the cent ra l 
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l abo ra to ry of our I n s t i t u t e . Our m e a s u r i n g data were cheeked in the o u t - p a t i e n t s ' d e p a r t m e n t 
of t h e Council Hosp i t a l of Somogy C o u n t y . The an t i -ca t t l e immunoglobul in -G and the ca t t l e 
Ig -G s tandard were obta ined f rom t h e Gödöllő- and B u d a p e s t uni ts of t he H U M A N Vaccine 
P roduc t ion and Resea rch Ins t i tu te . 
The macro- a n d microelement contents of co los t rum and milk were determined as 
descr ibed by Csapó a n d Csapó-Kiss (1984a) , while t he amino acid composi t ion was determined 
a f t e r Moore and S te in (1951) on t h e bas is of descr ipt ions b y Csapó a n d Csapó-Kiss (1986) 
i n the i r paper . T h e biological value w a s calculated on t he basis of the amino acid composit ion 
b y t h e method of M o r u p and Olesen (1976). 
Results 
Dry matter and protein fractions of first-milked colostrum samples col-
lected in the Hajdúnánás State Farm are shown in Table 1, and the analysis 
results of samples collected in the Szigetvár State Farm in Table 2. In Table 
3 the data of the two state farms are summarized; in Table 4 changes in the 
biological value of colostrum calculated ou the basis of amino acid composition, 
while in Table 5 those in the macro- and microelement content in the case of 
twin- or single birth are seen. 
Table 1 
Dry matter content and protein composition of first-milked colostrum from twinning 
and single-calving cows 
T w i n n i n g T o t a l a v e r a g e S i a g l e - e a l \ i n g 
C o m p o n e n t  
( g / 1 0 0 g ) n + B ( „ = 5 )
 н + н ( а = 5 ) B + H ( n = 7 ) ( n = = 1 7 ) 
D r y mat te r 29. 48 29.36 29.80 29.58 24.73 
± s 1.97 2.53 1.72 1.93 2.31 
To ta l protein 16.88 18.00 17.16 17.32 14.71 
± s 1.45 1.34 1.41 1.39 1.62 
T r u e protein 16.45 17.53 16.74 16.89 14.19 
± s 1.48 1.37 1.40 1.40 1.44 
W h e y protein 12.76 13.60 12.71 12.99 10.22 
± s 1.37 1.74 0.99 1.32 1.43 
T r u e whey protein 12.33 13.15 12.29 12.56 9.71 
± s 1.40 1.76 0.99 1.34 1.28 
Casein 4.12 4.38 4.44 4.33 4.50 
± s 0.27 0.89 0.80 0.69 0.91 
N P N x 6.38 0.43 0.45 0.42 0.43 0.52 
± s 0.056 0.069 0.067 0.137 0 . 0 9 4 
lmmunog)obulin-G mg/kg 128.61 132.47 124.73 128.15 104.51 
± s 17.12 12.40 12.90 18.81 14.5 
An analysis of the data in Tables 1 and 2 reveals that the colostra of cow s 
dropping twins differ in no component from one another significantly. It 
Acta Agronomica Hungarica 40, 1991 
1 5 4 J . C S A P Ó et »). 
seems, thus, that in the case of twin birth the sex of the off-spring does not 
influence the composition of the colostrum. On the other hand, from the com-
parison of colostra of twinning- and single-calf cows, the following conclusions 
can be drawn: 
Table 2 
Dry matter content and protein composition of first-milked colostrum from 
twinning and single-calving cows 
C o m p o n e n t 
В f В (и - 4) 
T w i n n i n g T o t a l a v e r a g e S ing le -ca lv ing 
(g /100 g) H + H (n = 3) В + H (n = 8) (n = 15) n = 15 
Dry m a t t e r 3 0 . 4 5 3 0 . 8 0 3 0 . 2 4 3 0 . 4 1 2 5 . 3 2 
i s 1 . 4 6 1 . 4 4 1 . 8 7 1 . 6 0 1 . 2 4 
Total p ro te in 1 5 . 8 0 1 6 . 7 7 1 6 . 2 9 1 6 . 2 5 1 4 . 2 9 
i 8 0 . 9 6 0 . 9 2 0 . 8 7 0 . 8 0 0 . 6 0 
True pro te in 1 5 . 4 1 1 6 . 3 6 1 5 . 8 9 1 5 . 8 5 1 3 . 8 1 
± 8 0 . 8 7 0 . 8 4 0 . 8 7 0 . 8 0 0 . 8 2 
Whey p ro t e in 1 2 . 1 8 1 2 . 8 0 1 2 . 1 4 1 2 . 2 8 9 . 9 8 
± 8 0 . 7 1 0 . 7 6 0 . 6 2 0 . 5 6 0 . 3 1 
True whey protein 1 1 . 7 8 1 2 . 3 9 1 1 . 7 4 1 1 . 8 8 9 . 5 0 
± 8 0 . 6 9 0 . 6 7 0 . 6 2 0 . 5 7 0 . 2 8 
Casein 3 . 6 3 3 . 9 7 4 . 1 5 3 . 9 7 4 . 3 1 
i 8 0 . 8 5 0 . 5 5 0 . 9 5 0 . 8 4 0 . 8 3 
N P N x 6 . 3 8 0 . 3 9 0 . 4 1 0 . 4 0 0 . 4 0 0 . 4 8 
i s 0 . 0 8 2 0 . 0 7 5 0 . 0 7 6 0 . 0 9 9 0 . 1 0 4 
Immunoglobulin-G mg/kg 1 3 3 . 1 2 1 3 1 . 8 0 1 3 8 . 4 7 1 3 5 . 7 1 1 0 8 . 6 4 
± 8 1 6 . 4 3 1 7 . 1 7 2 1 . 3 2 2 2 . 4 8 1 2 . 1 8 
— The colostrum of cows dropping twins contained 4.85% and 5.09% more 
dry matter, 2.61% and 1.96% more total protein, 2 .70% and 2.04% more 
true protein, 2 .77% and 2.30% more whey protein, 2 .85% and 2.38% more 
true whey protein, 0 .17% and 0.34% less casein and 0.09% and 0.08% less 
N P N x 6 . 3 8 , respectively, than the colostrum of cows dropping a single 
calf. In accordance with the whey protein surplus, the colostrum of cows 
dropping twins contained 23.64 and 27.07 mg/kg more immunoglobulin-G, 
respectively, than did that of cows with a single calf. 
Since the difference in colostrum composition between twinning and 
single-calf cows was almost the same in the two farms, in Table 3 we summari-
zed the results obtained. (The differences can be read in the table.) 
The results of significance analyses of the differences are contained in 
Table 4. The data of the table show that the differences listed for dry matter, 
total and true protein, whey and true whey protein and immunoglobulin-G were 
significant at P = 0 .1% level, while those for N P N x 6 . 3 8 at P = 1% level. 
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Table 3 
Dry matter content and protein composition of first-milked colostrum from twinning 
and single calving cows 
(summarized data) 
Component 
(g/100 g) 
T w i n n i n g 
(Q = 32) 
Single ca lv ing d 
(n = 32) 
Dry m a t t e r 30.00 25.03 0.97 
Tota l protein 16.79 14.50 2.29 
True protein 16.37 14.00 2.37 
Whey protein 12.64 10.10 2.54 
True whey protein 12.22 9.61 2.61 
Casein 4.15 4.41 —0.26 
N P N X 6 . 3 8 0.42 0.50 —0.08 
Immunoglobul in-G 
(mg/kg) 131.93 106.58 25.35 
N o significant difference was found in the casein content, and according 
to our analysis the sex of twins did not influence the colostrum composition 
eit her. 
According to the data of Table 5 the biological value of the colostrum 
calculated on the basis of amino acid composition was higher by 9.4 for cows 
with twins than for those with a single calf both in the Hajdúnánás and Sziget-
vár State Farm. The higher biological value can he explained by the higher 
Table 4 
Differences between twinning and single calving cows in the dry matter content and 
protein composition of first-milked colostrum 
1. 
C o m p o n e n t H a j d ú n á n á s 
Single calf 
tw ins 
(n = 17) 
(n = 17) 
Sz ige tvá r 
S ing le calf 
t w i n s 
(n = 15) 
(n = 15) 
Sz ige tv 
B + B ( n 
B + H (n 
á r Szigetv 
4) B + B (n 
= 3) B + H (n 
á r Szigetv 
= 4 ) H + H (n 
= 8) B + H (n 
ár 
= 3) 
= 8 ) 
Dry m a t t e r 9.39 X X X 13.77 X X X 0.48 0 0.24 0 0.54 0 
Total p ro te in 7.13 X X X 10.74 X X X 2.05 0 1.09 0 0.94 0 
True pro te in 7.83 X X X 9.75 X X X 2.21 X 1.10 0 0.94 0 
Whey prote in 8.30 X X X 19.68 X X X 1.70 0 0.12 0 1.75 0 
True whey protein 8.97 X X X 20.53 X X X 1.79 0 0.13 0 1.78 0 
Casein 0.87 0 1.48 0 0.91 0 1.13 0 0.36 0 
N P N x 6.38 3.15 X X 3.05 X X 1.72 0 0.25 0 0.23 0 
Immunoglobul in-G 5.80 X X X 5.79 X X X 0.16 0 0.55 0 0.56 0 
0 = P = 10%; X = P = 5 % ; X X P = 1%: ; X X X = P = 0.1 0/ 0 
Acta Agronomica Hungarica tO, 1991 
1 5 6 .J. CSAPÓ et al. 
w h e y protein content of the colostrum; namely, it is a well-known fact that 
the biological value of wliey protein is essentially higher than that of casein. 
T h e differences in mean value are so small that their reliability cannot be 
proved by a statistical analysis. There is no difference in the biological value 
of the colostrum from cows dropping twins of mixed sex. 
As seen in Table 6 there is no difference in the macro- and microelement 
content of the colostrum between twin- and single-calf cows. 
To summarize, it can be established that the composition of the colo-
strum is not influenced by the sex of the offspring. The first milked colostrum 
of Hungaro-Friesian cows (75% USA-Canadian Holstein and 25% Danish 
Jersey generation) and of cows wi th Holstein-Friesian male parent dropping 
Table 5 
Effect of twin calving on changes in the biological value calculated from the nmino acid 
composition of first-milked colostrum 
Biological v a l u e 
Twin-calv ing 
S ingle 
of colostrum 
в + в H + H В j- H to ta l a a im. 
average 
ca lv ing d 
Hajdúnánás n 5 5 7 17 17 
State Farm \ 119.4 121.3 124.4 122.10 112.70 9.40 
± S 12.12 11.04 10.63 12.10 11.40 
Szigetvár it 4 3 8 15 15 
State Farín x 121.9 128.3 126.7 125.70 116.30 9.40 
-Fs 11.79 12.63 9.88 13.09 9.71 
Farm average 120.5 123.9 125.6 123.80 114.40 9.40 
Table 6 
Macro- and microelement content in the first milked colostrum of twin- and 
calving cows 
single 
Component 
T w i n calving Single 
(-s/is) в + в (n = 9) II + H ( n = 8) 1 В i It (n = 15) Average 
<n - 32) 
ca lv ing 
(n 32) 
d 
Potas s ium 2244 2169 2099 2157 1988 169 
S o d i u m 1363 1299 1411 1370 1245 125 
Calc ium 3054 3196 3062 3093 2963 130 
Phosphorus 2455 2526 2314 2407 2117 290 
Magnesium 415 429 398 411 382 29 
Z inc 31.5 28.2 29.3 29.6 26.4 3.2 
I ron 4.96 5.14 5.31 5.17 4.54 0.63 
Copper 0.632 0.617 0.587 0.607 0.597 0.01 
Manganese 0.131 0 .122 0.132 0.129 0.114 0.015 
Acta Agronomien Hungarica -SO, 1991 
C O M P O S I T I O N 0 1 T H E C O L O S T R U M IN T W I N N I N G C A T T L E 1 5 7 
twins contained significantly more dry matter, total protein, true protein, 
whey protein, true whey protein and immunoglobulin-G than did the first 
milked colostrum of coxvs with a single calf. In the other components (casein, 
amino acids, macro- and microelements) and the biological x alue of the colo-
strum, no significant difference between single- and txvin birth could he deter-
mined in spite of some cases of differences in the ax'erages. 
Our final conclusion fully agrees with the one drawn from investigations 
xvith goats and sheep. Accordingly, since the immunoglobulin-G is a part of 
the whey protein, and the whey protein is a part of the total protein, differences 
in the first-milked colostra of cows are most ly due to the immunoglobulin-G- or 
xvhey protein surplus. 
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QUANTITATIVE DETERMINATION OF BACTERIAL 
PROTEIN FROM T H E DIAMINOPIMELIC ACID 
AND D-ALANINE CONTENT OF RUMEN LIQUOR 
AND INTESTINES 
J . CSAPÓ and Z . H E N I C S 
P A N N O N U N I V E R S I T Y OK A G R I C U L T U R A L S C I E N C E S , A N I M A L B R E E D I N G F A C U L T Y , 
K A P O S V Á R , H U N G A R Y 
(Rece ived : 1th N o v e m b e r 1988; accep t ed : 10th J u l y 1989) 
T h e a u t h o r s e labora ted a m e t h o d for t h e d e t e r m i n a t i o n of d iaminopiu ie l ic acid 
(DAPA) and D-a lan ine (D-Ala) f r o m rumen l iquor a n d in tes t ina l c o n t e n t . By per formic 
acid ox ida t ion used in d e t e r m i n i n g t h e D A P A e l imina t ing the d i s t u r b i n g effect of 
t h e a d j a c e n t a m i n o acids t h e y could even d e t e c t races of it . D-Ala w a s measured 
in the fo rm of d ias te reomer d i p e p t i d e by ion e x c h a n g i n g column c h r o m a t o g r a p h y . 
VI it h t h e above m e t h o d s t h e y de te rmined t h e D A P A - and D-Ala contents of 
maize silage (0 .008; 0.019), luce rne - (0.0006: 0.005) a n d meadow h a y (0.0005; 0.006), 
as well as of mi lk ing c o n c e n t r a t e (0.0005; 0.005) a n d r u m e n l iquor ( - 0 .200; ~ 0 . 6 3 5 ) 
( the f i rs t d a t a in the b racke t s s t a n d for D A P A , t h e second ones for D - A l a in g/100 g 
d ry m a t t e r ) . T h e y then d e t e r m i n e d the pe rcen tage p ropor t ions of D A P A ( ~ 0 . 6 1 0 ) 
and D-Ala ( - 2.06) to the t o t a l n i t rogen froin r u m e n l iquor by 5 para l le l measur ings . 
These va lues r ep re sen t the basis f o r the i r f a r t h e r i nves t iga t ions . 
K e y w o r d s ! ca t t l e , r u m e n l iquor , in tes t inal c o n t e n t , d iaminopiuie l ic acid, l )-ala-
nine, ion e x c h a n g i n g column c h r o m a t o g r a p h y , d i a s t e r e o m e r d ipep t ides 
Introduction 
lit the ruminant species the larger portion of the protein content of feed 
decomposes in the rumen, and from the ammonia thus produced the micro-
organisms liv ing in the rumen build up their own proteins, so a considerable 
proportion of the protein content of feed also transforms into microbial pro-
tein. This transformation can be useful when, from the low biological value 
feed protein or NP1N matter, higher biological value bacterium protein is 
produced. However, in most cases the decomposition of high biological value 
feed proteins in the rumen is disadvantageous. In the period ahead it will be 
increasingly important to know what percentage of the feed protein decom-
poses in the rumen, how much of the amount of protein entering the duodenum 
comes from the feed, and how much from the bacterium. 
In the past years several methods have been elaborated for determining 
the microbial portion of nitrogen-containing matter passing from the rumen 
to the abomasum and to the small intestines, respectively. Attempts were 
made to determine the nucleic acids, and to est imate the microbial origin por-
tion of the nitrogen-containing matter by tracing the B12 vitamin and the 3 5S 
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isotope. A critical evaluation and summary of these methods was published 
by Stern and Hoover (1979). 
Czerkawski (1974) recently concluded on the protozoa nitrogen by mea-
suring the 2-amino-ethyl-phosphonic acid, and on the bacterial nitrogen content 
by measuring the 2-6-diaminopimelic acid (DAPA). Namely, 2-amino-ethyl-
phosphonic acid decisively occurs in Protozoa, while 2-6-diaminopimelic acid 
(hereinafter DAP A) exclusively in mucopeptides in the cell-walls of bacteria. 
In spite of the fact that the amount of DAPA in the cell-wall greatly depends 
on the bacterium species, under s t e a d y feeding conditions the proportion of 
D A P A compared to the total bacterium protein does not change. Therefore, 
in comparative experiments D A P A can he well employed to estimate the 
bacterial portion of protein found in the intestinal content. 
Schleifer and Kandier (1972) discovered that, besides the diaminopimelic 
acid, D-Ala occurred only in peptidoglycanes (mucopeptides) present in the 
cell-walls of bacteria, so this compound can he similarly used to indicate bac-
terial origin [jrotein and determine its quantity. Knowing the above, Garret 
et al. (1982) were able to indicate the bacterial origin nitrogen by determining 
the D-Ala from the rumen liquor. Later Garrett et al. (1987) carried out com-
parative examinations with diaminopimelic acid and D-Ala in order to find 
out which of them would be more suitable for the exact determination of 
bacterial origin nitrogen. They found the D-Ala to be a better indicator of 
the bacterial nitrogen; that is the variation coefficient of the results obtained 
with D-Ala was much lower than t h e one obtained with diaminopimelic acid. 
Furthermore, the determination of D-Ala was more exact than that of diami-
nopimelic acid. 
Since animal breeders have recently raised increasing demands for the 
determination of diaminopimelic acid and D-Ala from various materials of 
biological origin, we have elaborated an ion-exchanging column chromatog-
raphy method for this purpose. Iu the present paper a new method of deter-
mining these two compounds is described and preliminary results attained by 
using the method are shown. 
Literary review 
The determination of DAPA from rumen liquor and intestinal content 
lias been attempted b y various methods . Hutton et al. (1971) determined the 
D A P A with an automatic amino acid analyser, making use of the property 
of D A P A that, similarly to proline- and unlike the other amino acids, gave 
off a yellow colour wi th an acidic ninhydrin solution, the max imum light 
absorption of which t h e y observed at 420 nra wavelength. 
Czerkawski (1974) developed a method for the determination of 2-amino-
ethyl-phosphonic acid and DAPA. On determining the latter, he hydrolysed 
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the protein with acid, purified the hydrolysate on a hone char column, separa-
ted the DAPA from the proline on an anion-exchanging column, then deter-
mined the DAPA with acidic ninhydrin. 
Pongor and Baintner (1980) worked out a simple and quick ion-exchange 
thin-layer chromatography method combined with video-densitometry for the 
determination of D A P A , hut because of the video-densitometric evaluation the 
method has not spread in practice. 
Edols (1985) determined the D A P A from the hydrolysate of rumen liquor 
by using a two-column method with an automatic amino acid analyser. With 
the optimization of the composition of buffers, the D A P A appeared in the 
chromatogram between methionine and isoleucine, well isolated from them, in 
the form of a sharp, easily evaluated tip. 
Before determining D-Ala from various materials the samples must he 
prepared, the fractions containing protein concentrated, and the contaminants 
removed. The purified fraction containing protein is hydrolysed over 22-24 
hours at 100-110 °C wi th 6 mole hydrochloric acid generally used in the amino 
acid analysis, then at the end of the hydrolysis the hydrochloric acid is con-
centrated, and the repeatedly concentrated sample is ready for the determina-
tion of D- and L-amino acids. 
Several methods have been elaborated for the separation and determina-
tion of amino acid enantiomers. To study the racemization of pure amino 
acids, polarimetry was used, then the various enzyme techniques gained ground. 
These methods have the disadvantage that the D-amino acids in traces cannot 
be detected by them, and contamination by amino acids coming from the 
enzymes can be a considerable source of error. 
For the separation of D- and L-amino acids, gas chromatography is one 
of the most rapid methods. The enantiomers can he separated in the form of 
a diastereomer pair produced with a suitable asymmetrical reagent, or the 
derivatives made volatile can be separated in an optically active standing 
phase. The gas chromatographic technique has by now become so precise that 
the error of determination of enantiomers is lower than 5%, and the reprodu-
cibility is extremely high. 
For the separation and determination of enantiomers, liquid chroma-
tography has recently gained increasing favour. Weinstein and Weiner (1984) 
produced the fluorescent derivative 5-diinethyl-aminonaphtlialine-l-sulphonyl 
from amino acids, and with liquid chromatography of inverse phase, applying 
the N,N'-di-n-propyl-L-alanine and cupric acetate chiral charge, were able to 
separate the D- and L-enantiomer of the total protein-forming amino acids 
from a single sample. Marfey (1984) with the help of l-fluor-2,4-dinitro-phenyl-
5-L-alanine amide — which contains a highly reactive fluorine atom — pro-
duced diastereomer cupric derivatives separable b y liquid chromatog-
raphy. 
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To check the optical purity of biologically active substances, various 
direct methods of liquid chromatography have also been elaborated. The basis 
of these methods is the chiral column — which consists of a chemically hound 
L-hydroxy-prolin-Cu2 + complex, and the mobile phase, an aqueous solution 
containing Cu2 ion. With the stationary phase applied, it is possible to check 
t h e optical purity of all those compounds which form chelate complexes with 
the Cu2+ ions, such as the amino acids. A deficiency of this method is that the 
D- and L-forms of only one amino acid at a t ime can be determined with it. 
Maiming and Moore (1968) described an ion-exchange column chroma-
tography technique for the separation and quantitative determination of D-
and L-amino acids. The method was elaborated primarily to check the stereo-
chemical purity of amino acids used in the course of peptide synthesis, hut 
can he used just as well for the quantitative determination of the D-amino 
acid occurring in traces beside the L-amino acid. The method is, essentially, 
t h e reaction of a L-amino acid N-carhoxy-anhydride with the D- and L-amino 
ac ids to be examined, in the course of which diastereomer dipeptides are 
produced, ready for the ion-exchange separation. The dipeptides were produced 
w i t h the technique described b y Hirschmann et al. (1967): the N-carboxy-a-
a m i n o acid anhydride was added to the amino acid to be examined in an 
aqueous medium of 0-2 °€ and 10.2-10.4 pH. With a minimum change in the 
a b o v e conditions of reaction t h e y could produce diastereomer diaeptides from 
the total protein-forming amino acids to about 90%, and thus determine the 
D- and L-amino acid content. Manning and Moore (1968) using the above 
method determined 1 part D-amino acid beside 1000 part L-amino acid from 
samples containing 2 pmol amino acid. 
Izumija and Muraoka (1969) worked ont a simple method for measuring 
racemization in the course of peptide synthesis, which essentially consisted of 
l inking the L-Gly-Ala dipeptide wi th L-leucine under the experimental condition 
used with the peptide synthesis. In case the experimental conditions do not 
lead to racemization, the product of racemization will be Gly-L-Ala-L-Leu, 
whi l e if in the course of the synthesis racemization occurs, then the D-L-isomer 
produced can be separated from the L-L-derivative in an amino acid analyser 
or on an ion-exchange thin layer, and quantitatively determined. Since the 
D-L-isomer is of lower Rf value, of the appearing two peaks (or two spots) the 
f irs t stands for the L-L-, the second for the D-L-isomer. 
Of the methods listed for the determination of DAPA we first attempted 
t h e method of Edols (1985), because in our laboratory there are two amino 
acid analysers. In addition, we hoped to ident i fy all amino acids present in 
the rumen liquor and intestinal content besides the DAPA. With the precise 
observance of the parameters described, D A P A could be well separated and 
evaluated as far as the concentration of DAPA and the total amino acid con-
centration fell in the same order of magnitude, or as far as the amount of 
-4cta Agronomica Hungarica 40, 1991 
D E T E H M I N A T I O N O F B A C T E R I A L P R O T E I N FROM H U M E N L I Q U O R A N D I N T E S T I N E S 1 6 3 
methionine and isoleueine, the two amino acids beside D A P A , did not exceed 
the 8-10-fold quant i ty of D A P A . Then DAPA appeared in the chromatograin 
as a shoulder peak of methionine or isoleueine, which made evaluation un-
certain or even impossible. With the above taken into consideration we intro-
duced a modified new method for the determination of D A P A from rumen 
liquor or intestinal content. In this paper we describe the modified method 
for DAPA determination. 
What with the literature available and the possibilities of our laboratory, 
we decided to devise an ion-exchange column chromatography method for 
separating the D- and L-alanine in the form of diastereomer dipeptide, taking 
the recent developments in peptide chemistry into consideration. When elabo-
rating the method we ascertained that our experiments as described were 
reproducible in a laboratory furnished xvith an amino acid analyser, the method 
possibly consisting of simple steps and proving suitable for serial examinations. 
Thus , the method we suggest for the separation and determination of D- and 
L-alanine is as follows: 
— preparation of the sample, 
— hydrochloric acid hydrolysis of protein contained in the sample, 
— separation of amino acids by ion-exchange column chromatography, 
— synthesis of diastereomer alanyl-dipeptides, 
— separation and determination of diastereomer alanyl-dipeptides. 
Materials and methods 
Diaminopimelic acid determination 
With a change in t he pH and sod ium ion c o n c e n t r a t i o n of buf fe rs and in t he t empe ra tu r e 
of t he ion-exchange co lumn, DAPA can be shif ted in t he eh ro ina tog ram within cer ta in limits. 
T h e earlier ment ioned problem, t h a t t h e a d j a c e n t amino acids p resen t in 8-10-fold quant i t ies 
supp re s s the peak of t h e low concen t ra t ion DAPA, or D A P A appears as a shoulder peak , 
ar ises even when wi th t h e changed compos i t ion of buf fe rs D A P A is shi f ted in be tween methio-
nine and valine. Because of the above t h e sample to be ana lysed was subjec ted to perforinie 
acid oxidat ion (Hirs , 1956) in the course of which cyst ine was oxidized into cysteic acid, and 
me th ion ine into me th ion ine sulphone. Cysteic acid appear s a f t e r t h e f ron t immedia te ly before 
a s p a r t i c acid, while meth ion ine su lphone be tween aspar t ic acid and threonine in the chroma-
t o g r a m , freeing the a rea between va l ine a n d isoleueine. By changing the composi t ion of t he 
b u f f e r s we found t h a t D A P A appeared in the place of me th ion ine or somewhat more forward 
in t h e ch romatogram. As a result of t h e above changes D A P A appeared be tween valine and 
isoleueine in the midd le of the c h r o m a t o g r a m , and since i t was suff ic ient ly f a r f rom either 
t h e va l ine or the isoleueine, these t w o amino acids — t h o u g h a t very high concent ra t ions — 
did n o t interfere w i t h t he de te rmina t ion of DAPA. 
The substances analysed 
When e labora t ing the analysis m e t h o d we used f i sh -mea l of high methionine- and 
isoleueine- and 6 7 % c rude protein c o n t e n t as a model ma te r i a l . The DL-2,6-diamino-pimelic 
acid s t anda rd was ob ta ined f rom the F l u k a Ag, Buchs SG (cata logue n u m b e r 21909 1278). 
W h e n the method was complete we took r u m e n liquor samples f r o m the r u m e n of a Holstein-
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Fr ies ian cow, and f rom an aliquot pa r t of it dried by lyophi l izat ion pe r fo rmed the DAPA 
d e t e r m i n a t i o n . Before t h e amino acid ana lys i s the crude protein- , t rue prote in- and digestible 
prote in c o n t e n t of the s a m p l e s was de t e rmined with Kjel-Foss 16200 (Foss Elec t r ic , Denmark) 
quick n i t rogen analyser, us ing the 6.25 convers ion factor. 
Hydrolysis, and processing of the hydrolysate 
W e measured a i r -d ry mater ia l of a b o u t 10 mg protein con ten t into a surgical ampoule 
washed w i t h chrome su lphur i c acid, a n d oxidized it with performic acid p repa red a f t e r Uirs 
(1956). W h e n the ox ida t ion was completed we immediate ly cooled the ampoules to —55 °C, 
arid e v a p o r a t e d the m a t e r i a l dry in a l a b o r a t o r y lyophilizer (Labor MIM, H u n g a r y , Type 
OE-950) . T h e residue was hydrolysed in 6 mole hydrochloric acid a t 110 " C o v e r 24 hours , as 
descr ibed earlier (Csapó e t al., 1986). Processing of the hydro lysa t e and di lut ion were carried 
out as r epo r t ed in this 1986 publication. 
Analysis 
T h e amino acid composi t ion of the samples was de te rmined in an L K B - 4 1 0 1 au tomat ic 
amino acid analyser ( L K B Biochrom L td . , Grea t -Br i ta in) using M E R C K ' s amino acid calibra-
tion s t a n d a r d . The size of t he ion exchange column and the composi t ion of the buf fe r s were: 
I o n exchange c o l u m n : 5 0 0 x 6 mm 
I o n exchange res in : С H ROM F X Г А - 8 
B u f f e r flow veloci ty : 80 enf ' /hour 
Ninhvdr i i i flow ve loc i ty : 40 e m ' / h o u r 
Column t e m p e r a t u r e : 50 °C for 60 m i n u t e s , then 70 °C u p to the end of the analysis 
B u f f e r A: pH 3.12; Na molari ty 0.2; 25 minutes 
B u f f e r B: pH 4 .35; Na molari ty 0.2; 60 minutes 
B u f f e r C: pH 6 .35; Na molar i ty 1.2; 55 minutes 
S o d i u m hydroxide: 0.4 mole; 15 m i n u t e s 
Equi l ibra t ion : b u f f e r A; 60 minu tes 
T h e chromatograms were eva lua ted by comparison t o areas below I be peak obtained 
a t t he cal ibrat ion s t a n d a r d . The s t anda rd dev iation of results obta ined by parallel analyses 
was ca lcu la ted with a H T PTK-1050 type pocke t computer (Telecommunica t ion Co-operat ive, 
H u n g a r y ) . 
D-Ala determination 
The substances used 
T h e most essential poin t of this m e t h o d is the synthes is and separa t ion of t he alanyl-
d i a s t e r eomer dipeptides. Since in peptide syn theses carried ou t in homogeneous solut ions active 
ester condensa t ion is e v e n today one of t h e most common methods , because t h e react ion is 
a lmos t quan t i t a t i ve a n d t h e purif icat ion of t he product is s imple, we employed th is method, 
too. Considering t h a t t h e separat ion of a lan ine f rom the o the r amino acids as well as the 
s e p a r a t i o n of d ias tereomer a lanyl-dipept ides t ake place in an aqueous m e d i u m , we chose 
N-hydroxy-succ in imide es te r (ONSu) f r o m among the ac t ive esters, since these esters also 
excel len t ly bind in an a q u e o u s medium and t h e active ester by -p roduc t s t h a t arise in t he course 
of b i n d i n g does not i n t e r f e re with the a m i n o acid analysis. As t h e nex t s tep we had to decide 
w h a t g r o u p to select in o rder to protect t h e amino group of the acylizing amino acid during 
the a c t i v e ester condensa t ion . Since on de te rmin ing the L - L or L - D pept ides wi th t h e amino 
acid ana lyse r , the p ro t ec t ive group m u s t be removed — in order to make t he compound to 
be m e a s u r e d nynhydr in posi t ive —, we chose the t e rc ia ry-bu ty l -oxy-carbonyl g roup (BOC), 
because n o t only is it easy t o build, bu t also a f t e r the d ipept ide synthesis the pro tec t ive group 
is easy t o split with t r i f luoro-acet ic acid or 1 mole aciduin ace t icum hydrochlor ic acid. 
A f t e r choosing t h e protect ive g roup a n d the active es ter we had to decide which of the 
pro te in amino acids ava i l ab le would be t h e bes t acylizing amino acid. As it is necessary t h a t 
the acyl iz ing amino acid possesses an a symmet r i ca l cent re , and binding t a k e s t he shortest 
possible t ime , we chose a lanine (Ala). T h e alanyl-alanine d ipep t ide appears in t he chromato-
g ram a f t e r the Ala, so sepa ra t ion takes a t leas t 1—1.5 hours. Thus , we tr ied to f i n d a possibility 
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for the synthet ized diastereomer a lanyl -d ipept ide to a p p e a r in a short t i m e ill the chromato-
g r a m . Therefore, we chose cystine (CySS) as a second acylizing amino acid, imping t h a t when 
oxidizing the t r i pep t ide produced b y ac t ive ester condensa t ion with pe r fo rmic acid we would 
o b t a i n 2 dipept ides , one of which, t h e cysteic acid, could accelerate the e lu t ion of dipept ide . 
I n th is way the sepa ra t ion of the 2-sulfonic acid-alanyl-a lanine dipeptides t a k e s a subs tant ia l ly 
shor te r t ime. 
To this end we synthetized the t e r t i a ry -bu ty l -oxy-ea rbonyl -L-a la r i ine - \ -hydroxy-suec i -
nimide-ester ( t -BOC-L-Ala-ONSu) a n d t he b is - ter t ia ry-butyl -oxy-carbonyl-L-cys t ine-bis-N-
-hydroxy-succin imide-es ter (t-BOC)o-L-CySS-(ONSu)., in the hope t h a t t h e dias tereomer 
d ipept ides ob ta ined would well s epa ra t e f rom each o t h e r , and the q u a n t i t a t i v e evaluat ion 
would not encounte r difficulties. In t h e second case we should have liked t o e labora te a quick 
m e t h o d in order t o increase the p roduc t i v i t y of the p rocedure by reducing t h e elut ion t ime of 
D-alanine . The p ro tec t ed active es ters of the two amino acids were s y n t h e t i z e d in the w a y 
described in h a n d b o o k s on peptide chemis t ry (Bajusz, 1980). 
Af ter the syn thes i s of the ac t ive esters, the d ias te reomer d ipep t ides were produced 
f r o m crystalline a lan ine (s tandard) a n d f r o m alanine sepa ra t ed from the o t h e r amino acids in 
an amino acid ana lyser , respectively. 
Separation of jtrotein amino acids 
The crude pro te in content of t h e rumen liquor was determined by a Kjel-Foss 16.200 
quick nitrogen ana lyser , then 200-500 mg material (equal to about 10-20 mg protein) depend-
ing on the crude pro te in content was hydrolysed with 6 mole hydrochloric acid over 21 hours . 
When the hydrolysis f inished, the hydrochlor ic acid was removed by lyophi l iza t ion from t h e 
sample . Separat ion of t he protein amino acids and de t e rmina t i on were carr ied ou t with С К В 
4101 type amino acid analyser and T K B fract ion collector a t tached t o i t . T h e tes t - tubes 
corresponding to t he respective amino acid were e v a p o r a t e d dry by lyophi l i za t ion . Then t he 
d ias tereomer d ipep t ides were produced f r o m the amino acids either f r o m e a c h separately or 
f r o m several amino acids in a mix tu re , na tu ra l ly with special a t t en t ion p a i d to the a lanine. 
Synthesis of diastereomer dipeptides 
The syn the t i c alanine or the res idue separated in amino acid ana lyse r and dried by 
lyophi l izat ion was so dissolved in wa te r as to obtain a solu t ion of about 1 - 1 0 % concent ra t ion . 
T h e p H of the solut ion was adjus ted to 8 wi th one or two c rys ta l s of sodium hydrogen-ca rbona te 
added to it, t hen t h e protected act ive es ter of Ala or CySS, dissolved in d ioxan-wa te r 1 : 1 
was added in 2 to 2.5 t imes excess. T h e reaction m i x t u r e was placed in a shake r at room 
t e m p e r a t u r e for 2 h o u r s in the case of Ala and for 8 hours wi th CySS, then dr ied by lyophiliza-
t ion . Af te r concen t ra t ion the BOC p ro t ec t i ve group was in both cases — spli t with 1 mole 
HCl in glacial acet ic acid solution ( reac t ion t ime: 1 hour ) , t h e n lyophilized aga in . After t h e 
lyophi l izat ion the a lany i dipeptides were dissolved in c i t r a t e buffer of p H = 2.2, then a f t e r 
p r o p e r dilution th is solution was i n t r o d u c e d onto the ion exchange column of t h e amino acid 
ana lyse r to separa te t h e diastereomer d ipept ides . This can all be summarized b y the following 
reac t ion equat ions : 
C H 3 
I 
B O C - L - A l a - O N S u H , \ C H p H = 8.0 l m o l HCl in giai ia l a c r t i c »nid 
2
 bour ]
 hoi]r 
COO H 
DL-alanine 
H C H 3 H H 
I l I I 
H.,i\ -C—CONH - С — C O O H + H - N — С — C O N H С - C O O H 
I ! I l 
CHJ H CH 3 CH3 
DL-alanyl-a lanine LL-alanyl-a lanine 
The cyst inyl pep t ide was oxid ized wi th per formic acid after Hirs (1956). After t he 
b r e a k u p of the d isu lphide bridge two d ipep t ides conta in ing cysteic acid were ob ta ined , which 
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af te r t h e r e m o v a l of the p e r f o r m i c acitl was dissolved in a c i t r a t e bu f f e r of p H = 2.2 and 
in t roduced o n t o the ion e x c h a n g e column of t h e a m i n o acid a n a l y s e r . T h e concen t r a t i ons were 
so a d j u s t e d b y dilution t h a t t h o s e of the d i p e p t i d e s produced fell w i t h i n the 50-100 nanomole 
domain . T h e react ion e q u a t i o n s are : 
C H 3 
(B0C) , - I . -0 .ySS- (0NSu) , + H , N — C H p H = 8.0 t mo l H C l in g l a i i a l ace t i c ac id p e r f o r m i c 
8 h o u r s 1 h o u r a r i d 
COO H oxidation 
D l . a l a n i n e 
H CH3 H H 
! i l 
Н.Л CH C O H N — С — C O O H 4 II..N — С — C O N H С -СООН 
I i I I 
CH, H CH, C H j 
; i 
S 0 3 H SOJH 
DI.-2-sul fonic ac id -a lany l -a lan ine LI,-2-sulfonie ac id -a lany l -a lan ine 
Separation of diastereomer alanyl-alanine, and/or 2-sulfonic acid alanyl-alenine dipeptides 
T h e dias tereomer d i p e p t i d e s produced t h r o u g h react ions d iscussed in the f o r m e r section 
were s e p a r a t e d and d e t e r m i n e d b y means of a n L K B 4101 a u t o m a t i c amino ac id ana lyser . 
The c o n d i t i o n s of s e p a r a t i o n in the case of t h e a lanyl -a lan ine d ipep t ides agreed w i t h those 
described fo r the d i aminop ime l i c acid wi th t h e difference t h a t , s ince the d i p e p t i d e e lua ted 
with t h e В buf fe r , the use of t h e С buffer w a s unnecessary . I n t h e case of 2 -su l fon ic acid-
-a lany l -a lan ine dipept ides , t h e t e m p e r a t u r e of t h e ion exchange c o l u m n was r e d u c e d to 40 °C 
and t h e p H of the buf fe r t o 2.9 in order t o a c h i e v e an o p t i m u m separa t ion . 
Results 
Diaminopimelic acid determination 
According to the well-known relevant literature (Etlols, 1985; Pongor and 
Baintuer, 1980) and from handbooks on amino acid analysers at our disposal, 
DAPA appears in the chromatogram between valiue and isoleucine, before or 
after methionine, or occasionally merged into methionine in the course of 
separation by ion exchange column chromatography. With the buffer composi-
tion suggested by Edols (1985) DAPA appears between methionine and isoleu-
cine in the chromatogram, separation and evaluation are considered optimum 
until the coucentration of DAPA is close to those of the other amino acids. 
When DAPA has to he determined from rumen liquor or intestinal content, 
instead of using a standard, the situation is essentially different. In some 
cases D A P A cannot he evaluated because of methionine and isoleucine present 
in high concentrations. With the above taken into consideration the sample 
was oxidized before the hvdrochloric acid hydrolysis with performic acid pro-
duced according to the method of Hirs (1956), whereby cystine transformed into 
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cysteic acitl and methionine into methionine sulphone. In this way the place 
between valine and isoleucine was made free for D A P A , and with a change in 
the composition of buffers DAPA could be well evaluated in the chromato-
gram beside the amino acids, eveu at very low concentrations. 
The amino acid chromatograms annexed provide a clear illustration of 
the points described above. Figure 1 stands for f ishmeal, Figure 2 for fishmeal 
underwent performic acid oxidation, Figure 3 for D A P A , Figure 4 for DAPA 
after performic acid oxidation, Figure 5 for fishmeal f- DAPA after oxidation. 
The chromatograms clearly show that the performic acid oxidation has no 
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Г Time 0-120 minute 
Fig. 3. Ch roma tog ran . for D A P A 
practical effect on D A P A (though in the chromatogram of the oxidized sample 
the quantity of ammonia is s l ightly larger), and among the amino acids it is 
on ly the tyrosine that can he expected to decompose. 
E 
E 
I 
Time 0-120 minute 
Fig. 4. Chromatogram f o r D 4 P A after p e r f o r m i c acid o x y d a t i o n 
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Fig. 5. C h r o m a t o g r a m for f i s h m e a l |- DAPA a f t e r o x y d a t i o n 
D-alanine deter min at ion 
The separation of diastereomer alanyl-alanine- and 2-sulfonic acid-ala-
nyl-alanine dipeptides is shown in Figures 6. and 7. In the former chromatog-
ram, 4 distinct peaks are seen which represent: alanine used as active ester 
and as initial material (to he determined); L-Ala-L-Ala and L-Ala-D-Ala 
r 
99 ? 
JV 
31.75 44 46 
Time (minute) 
Fig. 6. C h r o m a t o g r a m : d e t e r m i n a t i o n of D-Ala a n d L-Ala 
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Fig. 7. Ch roma tog ram: separat ion of (liastereomer alanyl-alanine a n d 2-sulphonic ac id-
- a l a n y l - a l a n i n e d i p e p t i d e s 
dipeptide, and at the end of the chromatogram ammonia. Under the given 
conditions of chromatography, the separation of the two dipeptides from one 
another and from the initial alanine is very good, and the evaluation is easy , 
s ince no disturbing effect makes it difficult. The onlv disadvantage in this 
procedure is t h a t determination takes nearly an hour, and so with one amino 
acid analyser D-Ala content can be determined only for some 7-8 samples a 
d a y . It is here that we tried t o help with the synthesis of 2-sulfoiiic acid-
alanyl-alanine. 
The incorporation of the sulfonic acid group in the dipeptide naturally 
quickens its elution in the course of separation by ion exchange column chroma-
tography. In the chromatogram the cysteic acid appears in the 11th minute 
immediately after the front, followed in the 19th minute b y a peak of a size 
of about 25",, compared to the cysteic acid, and in the 22nd minute by one 
of about 5",, in size, the larger of which probably represents the cysteinesul-
f in i c acid, while the smaller peak has so far not been identif ied. The two men-
tioned peaks cause no diff icult ies in the case of the alanine, because the t w o 
diastereomer 2-sulfonic acid-alanyl-alanine dipeptides appear iti the chroma-
togram on the area between t h e cysteic acid and the second free peak. The 
separation of the diastereomer dipeptides f rom one another and from the 
cysteic acid is also considered good, and with the example of the normal amino 
ac id analysis, it can he compared to the separation of threonine-serine. 
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Table 1 
tccuracy of D-alanine determination 
T h e o r e t i c a l M e a s u r e d S t a n d a r d Var i a t ion 
va lue , ° 0 v a l u e . % Number of dev ia t ion coeff ic ient 
D i p e p t i d e measuring 
D L D L D L D L 
Alanyl-a lanine 5« 50 51.0 49.3 5 1.62 1.58 3.18 3.21 
25 75 25.2 75.1 5 1.05 2.05 4.17 2.73 
5 95 4.6 94.3 5 0.24 2.74 5.22 2.91 
1 99 1.10 98.8 5 0.055 2.90 5.00 2.94 
2-sulfonic 50 50 49.9 51.0 5 2.98 2.63 5.97 5.16 
alanyl-alanine 25 75 24.6 74.9 5 2.00 3.11 8.13 4.15 
5 95 5.1 95.2 5 0.54 4.62 10.59 4.85 
1 99 1.02 98.4 5 0.085 5.03 8.33 5.11 
After elaborating the method we determined the D- and L-Ala composi-
tion for the various synthetic amino acid mixtures wc produced and the results 
are shown in Table 1. As seen from the data in the table, with an increasing 
concentration the value of the variation coefficient becomes lower; that is, in 
a higher range of concentration the accuracy of determination increases. 
Despite this, in the case of the alanyl-alanine dipeptides, the value of the 
variation coefficient does not even reach 10 with the lowest concentrations. 
The method is thus reliable, and its reproducibility satisfactory. In the case 
of the 2-sulfonic acid-alanyl-alanine dipeptides the scatter is much wider, 
possibly because either the production of the dipeptide contains an additional 
step of performic acid oxidation, or else the separation of the diastereomer 
dipeptides of very short retention t ime is not so perfect as in the former case. 
The value of the variation coefficient with the 2-sulfonic acid-alanyl-alanine 
dipeptides exceeds 10 in a single case, and even then but slightly, so this method 
is also reliable and similarly well reproducible. 
ПАРА and I)-Ala content of rumen liquor and various feeds 
After the elaboration of D A P A and D-Ala analytics rumen liquor from 
Holstein-Friesian cows, basic materials of feed consumed by the animals 
(maize silage, meadow hay, lucerne hay) as well as a milking concentrate 
were analysed for D A P A and D-Ala. The analysis of feed components was 
intended to discover whether they contained considerable quantities of these 
two compounds, and whether in the course of preparation (acid hydrolysis at 
high temperature) raceinization took place, aud if so, what proportion of D-Ala 
obtained from the rumen liquor could be attributed to a possible raceinization 
in the course of processing. The results of these analyses are contained in 
Tables 2 and 3. 
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Table 2 
DAPA foment of rumen liquor and various feedstuffs 
Sample 
T o t a l 
n i t rogen 
g/100 g drv 
П А Р А 
m a t t e r 
DAPA-N 
Tota l N X I 0 ° 
Maize silage 1.21 0.008 0.097 
Meadow hay 1.93 0.0005 0.0074 
Luce rne hay 2.88 0.0006 0.0031 
Milking concentr. 2.50 0.0005 0.0029 
R u m e n liquor 1. 4.71 0.200 0.625 
2. 4.83 0.204 0.621 
3. 4.74 0.196 0.608 
4. 4.79 0.194 0.596 
5. 4.82 0.198 0.604 
As shown by the data of Table 2 meadow hay, lucerne hay and milking 
concentrate only contain traces of DAPA, while the DAPA content of maize 
silage is some 12-15-t imes higher than that in the former feedstuffs , which 
m a y he explained b y the microbial activity taking place in the maize silage. 
The DAPA contents of rumen liquors taken at different times from cows given 
the same feed were practically identical; 0.59—0.63% of the total nitrogen 
content in the rumen liquor originated from D A P A . 
As seen from the data of Table 3, the D-alanine content of meadow hay, 
lucerne hay and milking concentrate is uniformly about 0 .005%, while the 
corresponding value for maize silage is 0.019%, possibly due again to the 
microbial activity. The minimum D-Ala content in the three other feed corn-
Table 3 
D-Ala content of rumen liquor and various feedstuffs 
T o t a l
 D A l a D-Ala-N 
n i t rogen Sample ? x 100 
T o t a l N 
Maize silage 1.21 0.019 0.247 
Meadow hay 1.93 0.006 0.049 
Lucerne hay 2.88 0.005 0.027 
Milking concentr. 2.50 0.005 0.031 
R u m e n liquor 1. 4.71 0.621 2.07 
2. 4.83 0.643 2.09 
3. 4.74 0.640 2.12 
4. 4.79 0.639 2.09 
5. 4.82 0.640 2.08 
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ponents is probably caused by the protein hydrolysis and by the racemization 
occurring in the course of processing and determination. The D-Ala content 
of the rumen liquor ranges between 0.621% and 0.643%, and is practically 
the same in samples taken at different points of time. The nitrogen content 
of D-Ala was 2.1% of the total nitrogen in the rumen liquor. 
The analyses completed prove that under uniform feeding conditions 
the nitrogen content of D A P A and D-Ala form an unchanging proportion of 
the total nitrogen content of the rumen liquor. The precision of the method of 
malysis we used to determine the DAPA and D-Ala is satisfactory; in both 
eases equal or ncarlv equal to the accuracv of the normal amino acid analysis. 
We see no difference in accuracy and reproducibility between the two methods. 
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CHEMICAL AND BIOLOGICAL COMPARISON O F 
P E A ( P I S U M SATIVUM) VARIETIES FOR S E E D 
C R O P 
M A R I A N N E S Z E L É N Y I - G A L Á N T A I and E R I K A VOTISKY 
A N I M A L N U T R I T I O N R E S E A R C H I N S T I T U T E , H E R C E G H A L O M , H U N G A R Y 
(Rece ived: 27 th F e b r u a r y 1989; accepted: 31s t J u l y 1989) 
Chemical c o m p o s i t i o n and p r o t e i n coversion p a r a m e t e r s were d e t e r m i n e d for 1) 
H u n g a r i a n and fo re ign bred seed p e a var ie t i es . The a n a l y s e s found a 7 . 3 - 6 . 0 g/100 g 
p r o t e i n lysine c o n t e n t , a n d N - m e t a b o l i s m t e s t s with r a t s some 76% b io log ica l value 
a n d 8 6 % t rue d iges t ib i l i ty for the I P 8, I P 3, Tyrkys a n d Mel inda variet ies . T h e resul ts 
ass i s t t h e p lant g rower s and -b reeders in t h e selection a n d qual i f icat ion of var ie t ies , 
a n d call a t t en t ion t o t h e advan t ages of us ing peas as p r o t e i n feed in f o r a g e mix tu res . 
Keywords : biological value of p r o t e i n , N - m e t a b o l i s m , seed pea v a r i e t i e s 
Introduction 
While cereals rich in energy are available from domestic production for 
feeding monogastric animals, it is a problem where to find protein carriers. 
The imported extracted soybean does not in many cases cover the protein 
demand of livestock farming. For this very reason the production of protein 
fodders beside soybean grown in Hungary should be encouraged. For example, 
out of the legumes, the seed crop of pea, horse-beau and lupine can lie taken 
into account. Their importance lies in their protein content generally being 
twice as much as that of the cereals. In addition, unlike the high oil content 
soybean, sunflower and rape seeds, t h e y can be immediately used in fodder 
mixtures without further processing. 
Among the fodder legumes, pea has the widest choice of var ie ty . The 
joint production area of table- and fodder peas expanded from about 50,000 
ha in 1981 to 130,000 ha by 1988, according to the information of the Seed 
Production and -Marketing Enterprise. Out of the objectives of crop growing, 
production for feeding purposes is considered the simplest , as conditions other 
than purity and nutrient content need not he considered (Bódis, 1983). For 
this reason, among others, one may take peas as a source of protein in fodder 
mixtures into consideration. Peas have a favourable effect in fodder mixtures 
for sows, piglets and y o u n g pigs alike, and they can be substituted generally 
for 3 5 - 4 0 % of the soybean protein wi thout reducing the performance of the 
animals (Fuchs et al., 1983; Davies, 1984; Lund and Hakansson, 1986). 
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Zivkovic et al. (1987) report replacing 50% of the soybean by peas in a fodder 
mixture for piglets, and completing it with tryptophan, with the result of a 
39% body weight increase. Owing to the rising prices of import fodders, 
Ceasar (1987) in the German Federal Republic also tried to f ind fodder crops 
rich in protein suitable to replace them. In his opinion, peas due to their 
protein- and lysine contents must by all means be taken into account beside 
fish meal and extracted soybean. 
Consequently, the production of peas in Hungary should he increased 
wi th the possibly highest yielding and high nutrient content varieties. In the 
case of fodder peas, the choice of variety has to be determined by the nutrient 
content and the biological value of protein. 
Our study was intended to compare the registered and commercially 
produced pea varieties placed at our disposal by the Seed Producing and 
Marketing Enterprise for their chemical compositions and biological values. 
The results obtained may help in selecting varieties best suiting the purpose 
of feeding. 
Materials anil methods 
We de te rmined t he nutrient c o n t e n t (dry ma t t e r , c r u d e protein, c r u d e f a t , crude f i b r e , 
a s h ) in seeds of 11 H u n g a r i a n and fo r e ign pea variet ies according to the MSz 6830 s t a n d a r d . 
T h e amino acid compos i t i on of the p r o t e i n was d e t e r m i n e d using an Aminoch rom- I I . t y p e 
a m i n o acid analyser . 
On the basis of N-metabol ism t e s t s with rats (Szelényi , 1969) we o b t a i n e d the biological 
v a l u e , digestibility, n e t - and product ive utilization of t h e pea proteins. 
Results 
Chemical analyses 
In Table 1 the percentage nutrient contents of the 11 pea varieties exam-
ined are related to the same (86%) dry matter content. Most remarkable is 
the relatively low crude protein content in the peas examined. It is only in 
the varieties Trapper and Solara that the crude protein contents (22.8% and 
21.5%, respectively) come close to the 23% average of the Hungarian Standard. 
Particularly low crude protein contents were found in the varieties IP 8, 
Smaragd and Tyrkys (16.5-17.5%). 
The crude fat contents of the peas are negligible (0.9-1.6%), though tin-
varieties show considerable differences. 
Another advantage of the pea is its low crude fibre content. The values 
found by us for th is component were between 3 .0% and 5.8%. 
The ash content ranged between 2.6 and 3.0%, the N-free extracted 
matter between 55.8% and 60.8%; both are close to the Hungarian averages. 
Since the pea belongs to the protein feeds, its amino acid composition 
of protein is particularly important. Table 2 contains the amino acid composi-
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Table I 
Percentage nutrient content of seed in pea varieties 
(related to 8 6 % dry ma t t e r ) 
Pea var ié t V Crude 
protein 
C r u d e 
f a r 
Crude 
f ibre A s h 
N-free 
r a t e . m. 
N a m e Origiu Ripening t i m e conteut 
Melinda Hungar i an med him 19.9 1.1 4.7 2.6 57.7 
I P 8. Hungar i an early 16.5 1.4 5.8 3.0 59.3 
I P 3. Hunga r i an early 19.1 1.6 5.7 2.7 56.9 
Allround Du tch medium 18.5 1.3 4.0 2.8 59.4 
Aura lia GDR medium 19.7 1.1 3.0 2.6 59.6 
Solara Dutch medium 21.5 1.0 3.9 3.0 56.6 
I m p o s a n t Dutch medium 19.1 1.5 4.1 2.6 58.7 
Botond Hungar i an medium 19.9 1.0 3.3 2.9 58.9 
T y r k y s Czechoslov. medium 17.5 1.2 4.9 2.7 59.7 
Smaragd Czechoslov. medium 16.9 1.1 4.6 2.6 60.8 
Trapper Canadian medium 22.8 0.9 3.7 2.8 55.8 
Table 2 
Amino acid composition of pea varieties gj 100 g protein 
Var ie ty 
A m i n o ar id* 
Melinda I P 8. I P 3. AU-
round Aura l i a Solara 
I m p o -
s a n t 
Botond T y r k y s S m a -
ragd Trapper 
Aspart ie acid 7.9 12.5 12.2 11.4 11.6 10.8 12.4 13.0 12.0 11.4 12.2 
Threonine 3.7 4.0 3.4 3.3 3.3 3.0 3.5 3.4 3.4 3.8 3.7 
Serine 3.9 3.7 3.8 4.7 3.4 3.9 3 .3 3.6 4.1 3.6 4.2 
Glutamic acid 17.1 13.3 14.6 15.2 15.6 15.7 15.9 15.8 16.9 16.6 16.0 
Proline 11.1 12.6 14.1 14.7 15.0 12.6 15.7 14.1 14.1 12.5 14.1 
Glycine 3.7 4.3 4.1 3.9 3.7 3.8 4.0 3.4 3.4 4.2 4.6 
Alanine 3.7 4.3 3.9 4.4 3.5 5.3 3.5 3.4 3.7 4.9 5.1 
Cystine 1.0 1.2 1.0 1.1 1.4 1.5 1.6 1.0 1.0 1.1 1.7 
Valine 4.6 5.1 4.8 5.2 4.5 6.3 4.4 4.5 4.2 4.6 6.3 
Methionine 1.1 1.3 1.2 1.5 1.5 1.4 2.1 1.3 1.2 1.2 1.3 
Isoleucine 3.7 3.6 3.9 3.4 3.8 3.9 3.9 3.5 2.8 3.1 3.8 
Leucine 8.2 7.8 6.9 8.5 8.7 8.2 8.7 8.9 8.1 8.0 8.3 
Tyrosine 3.2 4.0 3.2 3.7 3.5 3.2 3.5 3.1 3.5 3.6 2.9 
Phenyla lanine 6.5 7.0 5.5 5.5 5.4 5.1 5.1 5.7 5.3 4.5 5.1 
Lysine 6.4 7 .3 6.8 5.8 6.2 5.3 5.9 4.9 6.6 6.0 5.8 
Hist idine 2.9 3.6 2.6 3.3 2.8 2.5 2.8 2.4 2.8 2.8 2.3 
Arginine 6.5 5.9 8.1 6.5 6.7 7.5 6.9 6.1 7.2 8.9 7.3 
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l ions of the 11 pea v arieties examined . For pigs lysine is the most important 
essential amino acid, which can lie found in the pea protein in considerable 
amounts . The highest lysine content was determined for the varieties IP 8 
(7.3 g/100 g protein) as well as for I P 3, Tyrkys, Melinda, Auralia and Smaragd 
(6.8—6.0 g/100 g protein), while t h e least lysine was contained in the variety 
Botond (4.9 g/100 g protein). Outstandingly high methionine content (2.1 g/ 
100 g protein) was found in the var iety Imposant, while in the other varieties 
ihe methionine content ranged from 1.1 lo 1.5 g/100 g protein. The cystine 
content was outstanding in the varieties Trapper and Imposant (1.7 and 
1.6 g/100 g protein, respectively), while in the other peas this amino acid 
ranged between 1.0 and 1.5 g/100 g protein. 
Biological examinations 
The protein conversion parameters obtained in N-metabolism test with 
rats are shown in Table 3. The best biological value appears in the variety 
Imposant (79%). Only slightly lower were the values obtained for IP 8, 
Tyrkys and Smaragd (76.6-76.8%). The poorest biological value applies to 
the proteins of the varieties Trapper and Solara (65.8-68.1%). 
The true digestibility of protein gave the lowest values (83.4—85.9%) for 
the varieties Botond, Imposant, Tyrkys, IP 3, Melinda and I P 8, and the 
highest values (87.2-88.4%) for Smaragd, Allround and Trapper. 
Table 3 
Major protein utilization parameters for pea varieties 
о/ 
о 
Pea v a r i e t y 
Biological 
value 
Protein 
True 
digestibility 
n e t product ive 
utilization 
Melinde 74.6 85.2 63.6 40.7 
I P 8. 76.6 85.9 65.9 40.5 
I P 3. 72.0 84.2 60.6 38.4 
Allround 75.2 87.6 65.9 43.4 
Auralia 66.8 86.7 57.8 35.0 
Solara 68.1 86.3 58.8 36.0 
I m p o s a n t 79.0 84.4 66.7 43.7 
Botond 71.6 83.4 59.6 35.6 
Tyrkys 76.7 84.8 65.0 41.3 
Smaragd 76.8 87.2 66.8 45.2 
Trapper 65.8 88.4 58.2 34.8 
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The net utilization of protein showed a similar tendency as the biological 
value; that is, Imposant, Smaragd, Tyrkys, IP 8 and Allround were the best, 
and Auralia, Solara and Trapper the poorest varieties in this respect. 
The productive utilization of protein did not quite follow the tendency 
of the biological value; namely, the liest productive conversion was shown by 
the varieties Smaragd, Imposant and Auralia, in the given order. 
Conclusions 
Both the chemical analyses and the biological examinations provide 
reasons for a wider introduction of pea seed as a protein feed. For crop pro-
ducers the primary aim has so far been to attain the largest possible yields. 
However, the aspect of breeding must b y all means be widened — insofar as 
feeding is the aim of production — by taking into consideration the nutrient 
content and its convertability. The protein contents and amino acid composi-
tions given on the hasis of our chemical analyses, as well as the protein con-
version parameters of the metabolism tests with rats, assist in qualifying the 
varieties and choosing the right ones. 
After these preliminary remarks we suggest first of all to cultivate the 
\ arieties IP 8, IP 3, Tyrkys and Melinda for the purpose of feeding pigs, 
owing to their high lysine contents and biological values. The biological value 
of protein in the varieties IP 8, Tyrkys and Melinda is significantly better 
(P < 0.01) than in the variety Trapper, certainly due to the considerable 
proportion of lysine out of the essential amino acids. Since among pig feeds 
lysine has the greatest importance, the cultivation of the three mentioned 
varieties and their use in fodder mixtures is — on the basis of our results — 
recommended. The Dutch variety Imposant — though qualified best from a 
feeding standpoint — is not mentioned among those suggested by us, because 
according to the information of the Seed Producing and Marketing Enterprise 
it is planned to he downgraded; its seed breaks when thrashed, and there are 
problems with the production of seed. 
Our examination results emphasize the aspects of feeding, hut it is quite 
natural that the aspects of crop production and utilization must he jointly 
taken into consideration when choosing a pea variety and introducing it in 
commercial production. Those pea varieties found to be the best from the 
point of view of both crop production and feeding should be further examined 
in metabolism experiments with pigs. In that way protein conversion from 
the best varieties — i.e. protein incorporation and muscle formation, which 
serve for meat production, could he proved by the results of the suggested 
experiments. 
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Animal Production and Genetics 
EFFECT OF SALINOMYCIN AND HIGH RATE 
CONCENTRATE D I E T INTAKE ON RUMINÁL 
FERMENTATION IN LAMBS 
H E D V I G F É B E L 
A N I M A L B R E E D I N G A N D N U T R I T I O N R E S E A R C H C E N T R E . M T U I T I O N R E S E A R C H I N S T I T U T E , 
P H Y S I O L O G I C A L D E P A R T M E N T , H E R C E G H A L O M , H U N G A R Y 
( R e c e i v e d : 13th Apr i l 1989: accep ted : 2 6 t h Sep tember 1989) 
The a u t h o r compared t h e e f fec t s of sal inoinyci i i and high r a l e concen t ra t e diet 
i n t ake on s o m e physiological p a r a m e t e r s of g rowing l ambs . On t h e has i s of the resul ts 
the a u t h o r es tab l i shed tha t t h e sa l inomycin h a d a considerable i n f l u e n c e on the me tab -
olism of b o t h c a r b o h y d r a t e a n d n i t rogen in the r u m e n , since the a m o u n t of propionic 
acid increased while the m o l a r r a t io of b u t y r i c acid and the a m m o n i a - V a n d urea 
con ten t of t h e r u m e n f luid d e c r e a s e d . Out of t h e p a r a m e t e r s of b lood examined , t h e 
glucose c o n c e n t r a t i o n of the b l o o d increased, whi le t h e urea c o n t e n t of t h e plasma was 
s igni f icant ly lower with the a p p l i c a t i o n of s a l i nomve in . The e x p e r i m e n t a l groups of 
an imals did not show essential d i f fe rences in t h e e x a m i n e d p a r a m e t e r s of rumen a n d 
blood wi th a h ighe r ra te of c o n c e n t r a t e diet i n t a k e . 
K e y w o r d s : concen t ra t e d i e t i n t ake . a m m o n i a - \ . lambs, r u m i n a i f e r m e n t a t i o n , 
volat i le f a t t y ac ids , sa l inomycin , b lood glucose 
Introduction 
Recent results ol investigations suggest that there are wide possibilities 
of increasing the feed conversion of ruminants by influencing or controlling 
the ruminai digestion. 
From feedstuffs rich in cellulose first of all acetic acid, whi le from those 
abounding in sugar and starch much propionic acid, is formed. Therefore, in 
beef- and Iamb fattening (meat production) wi th feedstuffs rich in starch 
(e.g. concentrate diet) an opt imum medium can be ensured for bacteria pro-
ducing propionic acid. The fermentation of propionic acid in the rumen can 
he promoted by providing various compounds. Such are, among others, the 
antibiotic ionophores, the use of which iu animal production is of increasing 
importance owing to their favourable effect on body mass gain and feed 
conversion. This is ihe case with salinomycin, the compound tested in our cx-
perim ents. 
Salinomycin (Salocin 120R , Hoechst Ag, GFR) given to ruminants as a 
growth promotant has been tested by a number of authors (P iva et al., 1981; 
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Bedő ut al., 1985; Merchen and Berger, 1985; Kobayashi et al., 1986; Droiimev 
et al., 1988). 
Desjiite the large number of works published so far, the effect of salino-
mycin on the ruminai digestion of ruminants — with special regard to changes 
observed in the N-metabol ism of the rumen — has not been made perfectly 
clear. According to some authors the ammonia content of the rumen increased 
with the application of salinomycin (Piva et al., 1981), while others did not 
find any significant change in the ammonia- and urea concentration of the 
rumen (MeClure et al., 1980). Webb et al. (1980) observed a decrease in the 
ammonia-N content of the rumen on feeding salinomycin. The conflicting 
reports suggest a correlation between salinomycin as an active substance and 
the feed that forms the substrate, that is, it makes a difference what kind of 
feed is given when the effect of salinomycin is studied. This is supported by 
the results of our earlier experiment with growth promotants (Fébel et al., 
1988). 
The experiment here described was intended to s t u d y the way salinomycin 
influenced the ruminai fermentation in lambs, and through it, some physio-
logical parameters of t h e blood in case the animals in the course of fattening 
exclusively consumed a concentrate diet ("monodiet" feeding) in large amounts. 
Materials and methods 
T h e experiment was ca r r i ed ont with 16 rumen f i s tu la t ed young Hungar i an combing 
merino r a m s . The average b o d y weight of t h e animals at t he beg inn ing of the expe r imen t , 
at 12 weeks of age, was 22.7 + 1.4 kg. 
T h e composition a n d n u t r i e n t content of t he diet dur ing t h e experiment are shown in 
Table 1. 
T h e chemical analysis of the diet was m a d e according to t h e prescript ions of t h e current 
Hungar i an s t andard (MSZ 6830) , and its ne t ene rgy value ( N E m a n d N E g ) w a s ca lcu la ted on 
the basis of t he TDiN-value of the components . T h e feed was g iven daily in g r a n u l a t e d form 
in two p a r t s : a t 8.30 a.m. a n d at. 4 p.m. The r e fusa l was measu red back every day . 
In t h e experiment f o u r groups (A, 11, С a n d D) were f o r m e d , each wi th 4 animals . 
T h e di f ferent rates of concent ra te i n t a k e by the groups were so achieved t h a t the net 
energy in t h e ration given t o g roups A and С corresponded dai ly t o 100 g, and in t h a t fed to 
groups В a n d D to 200 g b o d y weight gain. 
O n t h e basis of weekly weighing results t h e feed rat ions were so increased as t o ensure 
the prescr ibed net energy i n t a k e for the lambs . 
T h e salinomycin t r e a t m e n t (24 mg sa l inomycin/kg feed) was used in groups С and D. 
so groups A a n d В were r e g a r d e d as controls in th i s respect. 
T h e dai ly dry m a t t e r - , c rude protein- a n d energy in t ake b y the lambs are shown in 
Table 2. T h e da ta show t h a t t h e daily body m a s s gains of g roups A and С were 100 g, while 
in group В 178 and in g roup D 183 g were in t e r m s of the ene rgy in take of an imals . 
T h e exper iment l as ted 4 weeks. In the 2-week exper imenta l period following a 2-week 
period of prefeeding, r u m e n f l u i d - and blood samples were t a k e n on the 5th. 9 t h a n d 13th 
day before feeding, and 2 a n d 5 hours after f eed ing . In the r u m e n f lu id samples, t h e p H - v a l u e 
and the ammon ia - , urea- a n d lact ic acid concen t ra t ions , and in t h e rumen fluid t a k e n in the 
5th hour a f t e r feeding the vo la t i l e f a t ty acid concen t ra t ion too, were determined. T h e blood 
samples were taken at the a b o v e mentioned s a m p l i n g time (before feeding and 2 a n d 5 hours 
after feed ing) and the samples were assayed fo r ammonia- , urea- a n d glucose con ten t s . 
T h e p H of the rumen f l u i d was de termined electrometrically w i t h a Radiometer PHM-27 
type p H m e t e r (Copenhagen); i t s ammonia- a n d urea concen t ra t ions by Ber the lo t ' s me thod 
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Table I 
Composition and nutrient content of the diet fed in the experiment 
C o m p o n e n t s 
C o m p o s i -
t i o n ( % ) 
N u t r i e n t 
con ten t 
Meadow h a y 5.0 
Maize 42.5 
Wheat 25.0 
Alfalfa meal, 2nd rate 7.0 
Extr . sunf lower 19.5 
MH-03 p remix 0.5 
Salt (NaCl) 0.5 
Total 100.0 
Dry ma t t e r , g 875 
Crude prote in , g/kg DM 182 
Crude f ibre , g /kg DM 100 
Crude f a t , g /kg DM 3 5 
NE m , M J / k g DM 7.08 
NEg , MJ /kg DM 4.55 
(Klinisches Labor . Merck, 1974), whi le its lactic acid concentrat ion w a s measured b y t h e 
pho tomet r i c micromethod of Velősy (1979). The vola t i le fa t ty acids were analysed, a f t e r 
precipi ta t ion w i t h metaphosphor ic ac id , by a Chrom-41 gas Chromatograph (Supelco Bu l l e t i n 
749B, 1975). T h e s ta t ionary phase w a s G P 10% SP-1200 /1% H 3 P 0 4 s u p p o r t e d on a C h r o m o -
sorbR W A W 80/100 mesh. ' 
The a m m o n i a content of b lood and the u rea con ten t of p l a s m a were assayed b y t h e 
above described methods . The concen t r a t ion of blood glucose was d e t e r m i n e d using o- to lu id ine 
as a reagent (Szilágyi, 1971). 
The compar i son and eva lua t i on of the resul ts were carried o u t b y a variance ana lys i s 
and a t - tes t (Sváb , 1981). 
Table 2 
Trend of nutrient intake during the experiment 
(n = 4/each) 
G r o u p , 
A в с D 
Dry m a t t e r , g/day 801 1024 812 1082 
Crude protein, g/'day 145 186 147 196 
N E m (requirement), M J / d a y 3.45 3.44 3 .48 3.53 
N E g (available), M J / d a y 1.43 2.45 1.45 2.65 
Body weight gain per r a t ion , 
g /day 100 178 100 183 
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Results 
The changes in the ruminai fermentation processes are summarized in 
Tables 3 and 4. 
As seen from Table 3, before and 2 h after feeding, the pH values of the 
rumen fluid were nearly the same in all groups. A significant difference was 
only found between groups С and D at the last sampling time. 
The ammonia-N- and urea contents of the rumen fluid were considerably 
influenced b y the salinomycin treatment; in groups С and D the concentrations 
of both parameters were significantly lower at each sampling time than in 
groups A and B. 
No difference in the ruminai concentration of lactic acid was shown by 
the groups at the 1st and 2nd time of sampling. The highest lactic acid con-
tent 5 h after feeding was measured in group D (1.11 mmol/1). 
Changes observed in the volatile f a t ty acid composition of the rumen 
fluid are shown in Table 4. 
The total volatile f a t t y acid concentration gave nearly identical values 
in all experimental groups. Within this the greatest changes were found in the 
concentrations and molar proportions of the acetic acid and propionic acid, 
and in the acetic acid: propionic acid ratio. 
The salinomycin treatment decreased the molar proportion of the acetic 
acid and increased that of the propionic acid in groups С and D, consequently, 
the ratio of acetic acid to propionic acid decreased in these groups. 
The concentration of i-butyric acid in group С was significantly lower 
than in groups A and D. As for the molar proportion of i-butyric acid, the 
groups showed no difference. 
The concentration and molar proportion of the butyric acid were signi-
ficantly lower in groups С and D. 
The highest i-valeric acid- and valeric acid contents of the rumen fluid 
were found in group B. In animals fed wi th salinomycin, the concentration 
and molar ratio of valeric acid significantly decreased. 
Changes in the glucose-, ammonia- and urea concentrations of the blood 
samples are shown in Table 5 . 
The blood glucose level in the groups feeding on salinomycin (C and D) 
was significantly higher 2 and 5 h after feeding. The blood ammonia content 
before feeding was practically the same in all experimental groups. The highest 
ammonia concentrations were measured in group ß 2 h after feeding while in 
group D at the last sampling time, but these values did not exceed the upper 
physiological limit. The urea concentrations of the plasma were significantly-
lower in groups C- and D-, t h a n those of the A- and B- at each sampling t ime. 
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Table 3 
Changes in the pH value and ammonia-N-, urea• and lactic acid concentration of the 
of sampling 
( x ± L S D ) 
rumen fluid at the 1st, 2nd and 3rd time 
Group 
p H A m m o n i a - N 
m m o l / l 
Urea 
minol / l 
Lact ic BCÍH 
mmol , ' ! 
I . 2. 3. l . 2_ 3. 1. 2. 3. 1. 2. 3. 
Л 6 . 4 9 5 . 0 4 5 . 5 3 4 . 4 4 6 . 8 2 5 . 8 9 6 . 5 6 6 . 5 3 6 . 4 8 1.00 1 . 0 1 0 . 9 6 
± 0 . 1 4 ± 0 . 1 6 ± 0 . 2 1 ± 1 . 2 2 ± 1 . 9 1 ± 0 . 7 9 ± 1 . 1 9 ± 1 . 4 7 ± 0 . 9 9 ± 0 . 1 2 ± 0 . 2 0 ± 0 . 0 9 
В 6 . 3 3 5 . 2 1 5 . 6 7 4 . 7 2 6 . 6 8 5 . 5 5 6 . 2 6 5 . 8 3 5 . 7 0 0 . 9 9 0 . 8 6 0 . 8 9 
± 0 . 1 9 ± 0 . 1 9 ± 0 . 2 3 ± 1 . 4 9 ± 2 . 3 4 ± 2 . 1 0 ± 1 . 1 8 ± 2 . 2 0 ± 1 . 7 2 ± 0 . 2 2 ± 0 . 1 9 ± 0 . 1 5 
С 6 . 5 1 5 . 0 2 5 . 4 9 3 . 7 6 3 . 5 7 3 . 4 3 3 . 3 9 2 . 9 6 2 . 5 9 0 . 9 5 1 . 0 2 1 . 0 3 
± 0 . 3 1 ± 0 . 1 9 ± 0 . 2 1 ± 0 . 7 1 ± 0 . 7 1 ± 0 . 7 4 ± 0 . 3 4 ± 0 . 7 5 ± 0 . 4 8 ± 0 . 1 8 ± 0 . 2 0 ± 0 . 2 0 
D 6 . 6 7 5 . 1 0 5 . 7 3 3 . 6 2 3 . 4 1 3 . 7 2 2 . 8 7 2 . 5 0 2 . 4 7 0 . 9 4 0 . 9 8 1 . 1 1 
± 0 . 3 3 ± 0 . 1 2 ± 0 . 2 7 _ l 0 . 7 4 ± 0 . 9 8 ± 0 . 7 9 ± 0 . 9 6 ± 0 . 5 0 ± 0 . 7 2 ± 0 . 2 6 ± 0 . 2 1 ± 0 . 2 6 
S i g n i f i c a n c e l e v e l o f N S N S С - D A - c А — С А — С А — С А — С А — С N S N S B — D 
g r o u p d i f f e r e n c e s P < 0 . 0 1 P c O . O l P < 0 . 0 0 1 P < 0 . 0 0 1 P < 0 . 0 0 1 P c O . O O l P c O . O O l P c O . O l 
В D B - D B — D В — 1 ) B — D B - D 
P < 0 . 0 1 P < 0 . 0 0 1 P < 0 . 0 0 1 P < 0 . 0 0 1 P < 0 . 0 0 1 P c O . O O l 
Note: let t ime of s ampl ing— before feeding 
2nd t ime of sampling — 2 hours af ter feeding 
3rd t ime of sampling — 5 hours af ter feeding 
Table 4 
Changes in the volatile fatty acid concentrations of the rumen fluid and 
after feeding 
(x ± LSD) 
in the molar proportions of the volatile fatty acids 5 hours 
Parameters examined 
Groups Comparison of the 
A В с D 
groups i ny i-tesr 
Volatile f a t t y acid, mmol/1 
Tota l volatile f a t t y acid 107.72+19.19 108.41 + 11.69 100.44 + 20.80 108.78 + 12.50 NS 
Acetic acid 4 3 . 9 6 ^ 8 . 8 4 46 .01±5 .59 34 .90+9 .40 36.31 + 5.60 AC** BD*** 
Propionic acid 30.62 ± 7 . 5 0 30 .63+6 .63 42 .28+8 .76 47 .42+5 .38 AC** BD*** 
i-butyric acid 2 .52±0 .87 2 . 4 0 ± 0 . 5 4 1 .91+0.38 2.50 + 0.47 AC* CD** 
Butyr ic acid 25 .24±5 .32 22.78 + 3.64 17.27 + 5.20 17.92 + 7.38 AC*** BD** 
i-valeric acid 1 .76±0 .40 2.12 + 0.43 1.35 + 0.28 1.51 + 0.22 AB* BD** 
Valeric acid 3 . 6 2 ± 1 . 0 3 4 . 4 6 ± 1.09 2.72 + 0.66 3.12 + 0.83 AC* BD* 
Volatile f a t t y acid, mol % 
Acetic acid 40 .77±3 .94 42 .41±2 .86 34 .47+3 .96 33.53 + 4.78 AC** BD*** 
Propionic acid 28 .33±3 .99 28 .21±4 .29 42.28 + 4.06 43.64 + 2.34 AC** BD*** 
i -butyr ic acid 2 . 3 2 ± 0 . 6 3 2.21 + 0.64 1.91 + 0.16 2.32 + 0.46 NS 
Butyr ic acid 23 .54±3 .18 21.05 + 2.96 17.18 + 4.23 16.25 + 5.47 AC** BD** 
i-valeric acid 1 .65±0 .33 1.92 + 0.44 1.39 + 0.33 1.39 + 0.18 BD* 
Valeric acid 3 .38±0 .82 4 .15+1 .04 2 .77+0 .75 2.86 0.65 AC* BD* 
c2 : C3 1 .48±0 .34 1.50 + 0.30 0 . 8 2 + 0 . 1 4 0.11 + 0.12 AC*** BD*** 
* P < 0.05; ** P < 0.01'; *** P < 0.001 
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Conclusions 
The different ra tes of concent ra te intake — similar to previous observa-
t ions (Putuani et al., 1966; Adams and Kar tchner , 1984) — did n o t cause auy 
s ignif icant difference in the p H value of the r u m e n fluid. T h e salinomycin 
t r e a tm en t — in accordance with earlier reported da ta (Webb e t al., 1980; 
Nakash ima et al., 1982; Merchen and Berger, 1985; Kobayashi et al., 1986) — 
also failed to alter t he pH v alue. 2 h after feeding, when fe rmenta t ion started, 
the p H value f i rs t fell (to about 5.0), then began to rise in all groups. Then, 
5 h af ter feeding t h e pH value of t he rumen fluid was 5.53 and 5.49 in groups 
A and C, and 5.67 and 5.73 in t h e B- and D- groups , respectively. Since con-
cen t ra te diets conta in large a m o u n t s of ca rbohydra tes which easi ly decompose 
the p H of the rumen fluid sh i f ted towards t h e acid values, b u t the groups 
did not show differences in the concentrat ion of lact ic acid. 
The high level concentrate in take did no t br ing about any increase in 
t h e to ta l volatile f a t t y acid con t en t of the r u m e n fluid — unl ike the experi-
men t s of Staples et al. (1984) a n d Firkins et al. (1986a). 
Neither did t he application of salinomycin cause any signif icant changes 
in the total volatile f a t t y acid concentrat ion of t h e rumen f lu id , corresponded 
well with those obta ined by Nakash ima et al. (1982) and Merchen and Berger 
(1985). 
In the course of feeding concentrate d ie t , the lower p H is favourable 
mainly for those microorganisms which p romote t he propionic acid fermenta-
tion of ca rbohydra tes , while t h e quant i ty of acet ic acid bac te r ia decreases. 
This was confi rmed by our resul ts obtained in t he course of examining t h e 
volatile f a t ty acids of the r u m e n fluid since, in each exper imenta l group, 
the acetic acid: propionic acid ra t io was much lower than t h e 3 : 1 ratio ob-
ta ined with feeding mostly based on a mixed die t . In group A the ratio of 
acetic acid to propionic acid was 1.48, in group В 1.50. 
Salinomycin feeding (in t h e C- and D-groups) f u r t he r decreased t h e 
acetic acid: propionic acid ra t io (to 0.82 a n d 0.77, respectively), which in-
d i c a t e s - in agreement with t he da ta obtained by Webb et al. (1980), McClure 
et al. (1980), P iva et al. (1981), Nakashima et al. (1982), Ga lbra i th et al. (1983), 
Merchen and Berger (1985) and Droumev et al . (1988) — t h a t the propionic 
acid fe rmenta t ion increased wi th a s imul taneous decrease in t he acetic ac id 
production. 
Enhanc ing propionic fe rmenta t ion in t h e rumen in response to sal ino-
mycin feeding is of physiological importance f r o m two points of view. On t h e 
one hand, due t o its glycogenetic nature more glucose can be produced f r o m 
it in the organism. This was indicated in our exper iment by t h e rising level of 
the blood glucose (in the C- a n d D-group), wh ich corresponds to the observa-
tion of Droumev et al. (1988). I t should be n o t e d here, t h a t different levels of 
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Table 5 
Trend of the blood parameters examined at the 1st, 2nd and 3rd sampling time 
( i ± LSD) 
B l o o d g lucose (G) B l o o d a m m o n i a U r e a ( P U ) 
mmol /1 /ши>1/1 m m o l / 1 
Group    
1- 2 . 3 . I. 2 . 3 . I . 2 . 3 . 
A 3 . 2 5 3 . 2 1 3 . 2 4 9 2 . 8 1 8 2 . 4 3 9 0 . 4 0 3 . 3 6 3 . 2 4 2 . 7 3 
± 0 . 2 5 ± 0 . 3 1 ± 0 . 1 9 ± 1 0 . 9 0 ± 7 . 7 8 ± 1 1 . 6 5 ± 0 . 5 7 ± 0 . 6 4 ± 0 . 4 8 
В 3.34 3.41 3.30 93.82 92.32 86.45 3.16 3.22 2.58 
± 0 . 2 3 ± 0 . 2 5 ± 0 . 1 2 ± 1 0 . 9 0 ± 6 . 9 4 ± 1 1 . 2 2 ± 0 . 5 0 ± 0 . 5 0 ± 0 . 5 1 
С 3.64 3.64 3.67 93.99 90.41 88.74 2.14 2.24 2.03 
± 0 . 1 5 ± 0 . 2 3 ± 0 . 2 2 ± 1 2 . 8 0 ± 1 1 . 7 7 ± 1 5 . 1 2 ± 0 . 3 1 ± 0 . 3 3 ± 0 . 2 3 
D 3 . 5 0 3 . 6 8 3 . 6 5 9 5 . 9 5 9 1 . 8 4 1 0 6 . 0 1 2 . 5 1 2 . 5 0 2 . 1 4 
± 0 . 2 3 ± 0 . 2 5 ± 0 . 1 3 ± 1 2 . 4 4 ± 8 . 6 5 ± 1 4 . 9 5 ± 0 . 2 8 ± 0 . 2 4 ± 0 . 1 5 
Significance level 
of group différences А—С А—С А—С NS А — В В — Ü Л—С А—С А—С 
Р < 0.001 Р < 0.001 Р < 0.001 Р < 0.05 Р < 0.001 Р < 0.001 Р < 0.01 Р < 0.001 
В—I) В — D С—D В — D В—D В—D 
Р < 0 . 0 0 1 Р < 0 . 0 0 1 Р < 0 . 0 0 1 Р < 0 . 0 1 Р < 0 . 0 1 Р < 0 . 0 5 
Note: See Table 3. 
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concent ra te i n t ake did not resul t in any s ign i f ican t change in t h e blood g lucose 
concent ra t ion . 
On the o the r hand, t h e increased p r o d u c t i o n of propionic acid is im-
por t an t because it leads to H 2 up take in t h e rumen , and t h e r e b y , the e n e r g e -
t ically u n f a v o u r a b l e m e t h a n e product ion decreases. W e b b et al. (1980) de-
monst ra ted b y exper imen t s t h a t , in response to sal inomycin application, t h e 
a m o u n t of m e t h a n e in the r u m e n decreased. 
The sa l inomycin t r e a t m e n t changed t h e molar p ropor t i on of t h e o t h e r 
volatile f a t t y acids too, w i th t h e exception of t h e i sobutyr ic acid. 
As seen f r o m the da t a of Table 4, t he pe rcen tage concent ra t ion of b u t y r i c 
acid was found — in ag reemen t with a n u m b e r of a u t h o r s (Fontenot e t al., 
1980; McClure e t al., 1980; Nakashima e t al . , 1982; G a l b r a i t h et al., 1983; 
Merchen and Berger, 1985) — to decrease, a n d the molar propor t ion of va l e r i c 
acid was s imilar ly lower in t h e groups C- a n d D- — as w a s also indica ted b y 
Galbra i th et al. (1983). 
The decreased molar propor t ion of b u t y r i c acid is favourable f r o m an 
energetical po in t of view, s ince from the smal le r amount of butyric acid less 
me thane can he produced in t h e rumen. 
As known f r o m s tudies on the effect of feed in take o n the N-ba lance of 
the rumen , wi th a higher r a t e of feed i n t a k e t h e a m m o n i a - N concent ra t ion of 
t h e r u m e n fluid decreases (Staples et al., 1984; Firkins e t al., 1986b), b e c a u s e 
under t h e inf luence of t h e increased a m o u n t of c a r b o h y d r a t e av ailable w i t h 
the larger ra t ion of feed t h e microorganisms liv ing in t h e rumen i n c o r p o r a t e 
t h e ammon ia in to their own proteins much more eff icient ly. In our e x p e r i m e n t 
— as in t h e exper iment of H c d g s i n et a l . (1976) — t h i s effect could n o t be 
d e m o n s t r a t e d , since despi te t h e higher r a t e of concen t ra te intake ( g r o u p s В 
and D) t h e ammonia -N c o n t e n t of the r u m e n fluid did n o t change ( c o m p a r e d 
to groups A a n d C). The unchanged a m m o n i a - N concen t ra t ion of t h e r u m e n 
related to t h e f ac t t h a t t h e g roups ditl no t show differences in the to ta l vo la t i l e 
f a t t y acid c o n t e n t of the r u m e n fluid. 
As a resu l t of feeding salinomycin t h e ammonia-N concent ra t ion a s well 
as the urea con t en t of t h e r u m e n fluid were lower in t h e C- and D-, t h a n in the 
A- and B-groups . 
W e b b et al. (1980), Nakash ima e t a l . (1982), G a l b r a i t h et al. (1983) and 
Droumev e t al. (1988) r e p o r t e d decreased ammonia -N concent ra t ion in the 
r u m e n a f t e r sa l inomycin feeding. Other au thors , on t h e other h a n d , e i ther 
did not observe any change in the NH ; i concen t ra t ion of the r u m e n f luid 
(Kobayash i e t al., 1986) or even found t h a t the a m m o n i a level inc reased 
(Piva et al., 1981). 
In our exper iment t h e ammonia-N con t en t of t h e r u m e n in t h e g roups 
C- and D- was lower despi te the fact t h a t in these two g r o u p s the urea ut i l iza-
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tion increased under the inf luence of sa l inomycin , as ind ica ted by t h e reduced 
urea concen t r a t i on of the r u m e n fluid. 
The decrease in t h e ammonia c o n t e n t of the r u m e n fluid is exp la ined 
by the lower ex ten t of p r o t e i n - and a m i n o acid decomposi t ion or the increased 
protein syn the s i s . It is also possible that t h e t w o processes t o o k place s imul t ane -
ously. Accord ing to the opin ion of severa l authors ( P i v a et al., 1981; K o b a -
yashi et al.. 1986) sal inomycin — j u s t l ike monensin — decreases desamina t ion 
in the r u m e n . Thus , since t h e amount of feed protein e n t e r i n g the small intes-
tines from t h e rumen increases , a " p r o t e i n saving" e f fec t is produced. A t the 
same t ime, Droumev et a l . (1988) f o u n d when feeding salinomycin a n in-
creased a m o u n t of microbial protein in t h e duodenum, which suggests t h a t 
the protein syn thes i s increased in the r u m e n . 
Despi te t h e fact t h a t t h e a inmonia-N level which we measured in t h e 
rumen fluid on feeding sa l inomycin agreed wi th the a m m o n i a - N concen t ra t ion 
(3.5-4 mmol/1) considered as opt imum in t h e l i terature (Sal ter and S ly te r , 
1974; Veen, 1986; Polau, 1988). it is l ike ly t h a t owing t o the high level of 
readily f e r m e n t a b l e c a r b o h y d r a t e present i n the concent ra te , and the r e d u c e d 
desaminat ion concurrent w i t h the increasing protein syn thes i s , the a m o u n t of 
ammonia-N w a s not " too m u c h " for t h e microbes, as suggested by t h e de-
creased urea concent ra t ion of the plasma in t h e groups C- and D-. Since t h e 
microorganisms had an increased demand f o r ammonia, t h e role of the r u m i n o -
hepatic c i rcu la t ion increased. In the ruminohepa t i c c irculat ion t h e u rea 
" i n f l u x " t h r o u g h the r u m e n epithelium m a y lie 4-8 t i m e s as much as t h e 
amoun t of u r e a returned w i t h the saliva ( K a r s a i , 1982). 
In s u m m a r y , it can be established t h a t the sa l inomycin increased t in ' 
propionic acid fe rmenta t ion a n d decreased the amount of acetic acid and 
butyr ic acid, a n d urea and a m m o n i a - N concen t r a t ion in t h e r u m e n , i r respec t ive 
of the rate of concent ra te i n t a k e . Out of t h e blood p a r a m e t e r s examined t h e 
glucose concen t r a t ion of the blood s igni f icant ly increased, while the urea con-
centra t ion of t h e plasma decreased , in r esponse to sal inomvcin feeding. S imul -
taneously , t h e groups did no t show essent ia l differences in t h e pa rame te r s of 
rumen fluid a n d blood as a resu l t of a h igher r a t e of concen t r a t e intake. 
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Lectures 
SPICE A N D M E D I C I N A L P L A N T P R O D U C T I O N 
A N D P R O C E S S I N G IN H U N G A R Y * 
Á . M Á T H É 
U N I V E R S I T Y OF HORTICULTURE AND FOOD INDUSTRY, D E P A R T M E N T OF GENETICS A N D PLANT 
HREEDING, HUDAPEST, H U N G A R Y 
( R e c e i v e d : 19th March 1990; accepted: 21s t M a y 1990) 
On the basis of a long-term average of medicinal plant product ion and 
consumpt ion , countr ies can be divided into t w o ma jo r groups (Figure 1). 
Accordingly, t he Wes t -European countries and t h e USA are countries, in 
which the consumpt ion of medicinal plants far exceeds the value of their own 
product ion . Conversely, the Eas t -European countr ies , including Hunga ry , can 
b e characterized by a product ion well exeeding their own consumption, 
implying tha t these countries h a v e become t r ad i t iona l suppliers of medicinal 
d rugs on the in terna t ional marke ts . 
Natural conditions 
Geographical conditions 
Hungary occupies the cent re of the Carpa th ian basin. More t h a n half of 
he r surface is lowland, no more t h a n 200 mete rs above sea level. Hills are 
relat ively scarce, t h u s there are only a few countr ies in the world where t he 
propor t ion of agr icul tural aud a rab le land is as large , with respect t o the entire 
area (93,000 km2) as in Hungary . (More than 8 5 % of the land is cultivated.) 
Climatic conditions 
As for wea ther systems, H u n g a r y lies at t h e conjunct ion of three major 
European climatic regions; t he Atlant ic , the Medi terranean a n d the Conti-
nen ta l . While the characterist ic features of all t h r ee climates can be found 
alike, the cont inenta l influence predominates ; cold winter and dry , hot sum-
mer with f r equen t droughts T h e annual mean t empera tu re var ies between 
+ 7 J—12 °C and the prevail ing average value of precipitat ion amounts t o 
* P a r t of t h e l ec tu re given b y a u t h o r a t the 4 t h N a t i o n a l Herb G r o w i n g and M a r k e t -
i n g Conference, J u l y , 22-25 , 1989, S a n J o s e , California. 
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620 mm/annum T h e annual to ta l insolation for t h e country var ies between 
80 a n d 110 Kcal/cm2 . (The sum of sunshine-hours amounts t o an average of 
2000 h.) 
Vegetation 
Approximate ly 5 0 % of the rough ly 2200 f lowering species n a t i v e to Hunga-
ry be long to the group of European a n d Eurasian florist ic elements. Apar t from 
these, t h e rate of b o t h cont inental — eastern e lements (approx. 13%) and 
Medi ter ranean — Submedi te r ranean elements ( app rox 16%) is also significant. 
A m o n g them, some 1000 species a re known to have medicinal properties: 
abou t 300 species used for this pu rpose include 170—180 species of medicinal 
p lan t s growing wild. 
The main characteristics of production 
Historical background 
I n Hungary, t h e production a n d usage of spiee and medicinal p lan ts have 
historic traditions. T h e earliest r e p o r t s on Hungar ian medicinal p lan t s , either 
grown in cloister ga rdens or utilized in healing pract ices date f r o m medieval 
t imes. Although it would be truly in teres t ing to su rvey this his tory, due to the 
lack of t i m e we must con ten t ourselves with more con temporary developments . 
T h e decades be tween the two wor ld wars witnessed a real boom both in 
the collection and cul t ivat ion of medic inal plants. A t this time, H u n g a r y was 
very successful in agricul tural p roduc t ion , and was even called " t h e granary 
of E u r o p e " . The e x t e n t of medicinal p lan t product ion can he character ized by 
the fol lowing data. Whi l e between 1920-25 an average of 850 tons of medicinal 
plants were exported, in 1943, t h e Hungar ian expor t s amounted to some 
10,100 t o n s (5). Wi th in the exports: 
— t h e wild growing medicinal p lants , among t h e m mainly Chamomile 
flower h a d a substant ia l share (in 1920 some 180 tons , in 1940 some 780 tons). 
Other i m p o r t a n t i tems were: Nettle leaf , Rose hips, Elderberry f lower , Juniper 
frui t , Bel ladonuae fo l ium, Malvae r a d i x and M. fo l ium. 
— Cultivation. I n the 1940s, on some 6000 hectares, approximate ly 
20-25 spice and medicinal plant species were cu l t iva ted (5.) In th i s year the 
export of peppermint , t h e most i m p o r t a n t crop cu l t iva ted , was some 1.780 tons. 
Whi le the pre-war t imes involved, mainly the collection of wild-growing 
drugs a n d the product ion of certain crops characterist ics of H u n g a r y (e.g. 
peppermin t , mar joram), the later decades have b rough t about t he large scale 
product ion of an increasing number of species (some of them in t roduced into 
cul t ivat ion) . Table 1 provides a list of t h e 55 species cul t ivated on an area of 
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22,259 hectares , in 1982 (As compared to 1975, th i s means a 7 % ter r i tor ia l 
decrease) Wi th t h e v a r i e t y of cu l t i va t ed species re la t ive ly of ten changing, 
the n u m b e r of regular ly cul t iva ted species can be p u t a t 30-40. Table 2 surveys 
t h e area l d is t r ibut ion of the m a j o r crops , except fo r such plants as papr ika 
which are regarded ma in ly in H u n g a r y as vegetable crops. The c rop rat io 
u n d e r w e n t r emarkab le changes, over t h e span of 5 years . The l a rges t area 
was given over t o t h e cul t ivat ion of whi te m u s t a r d , followed b y ca raway , 
p o p p y , ergot , fennel, dill, ect. 
Al though even in those days in H u n g a r y the ind iv idua l f a rmers (auxil iary 
f a r m i n g ) played a s igni f icant role in t h e product ion of medicinal p l a n t s , now 
large scale, mechanized product ion sys tems have been elaborated for certain 
m a j o r crops, e.g. o p i u m poppy, Digitalis lanata, e rgo t , whi te m u s t a r d , chamo-
mile. 
Medicinal plants cultivated in Hungary, in 1982 (Authors ' collective of O M F B , 1984) 
Table 1 
Althaea officinalis 
Althaea rosea 
Anethum graveolens 
Angelica archangelica 
Amsonia tabernaemontana 
Anthemis nobilis 
Artemisia abrotanum 
Artemisia absinthium 
Artemisia dracunculus 
Artemisia vulgaris 
Brassica juncea 
Calendula officinalis 
Carum carvi 
Carthamus tinctorius 
Claviceps purpurea 
Cnicus benedictus 
Coriandrum sativum 
Cucurbita pepo var. styriaca 
Digitalis lanata 
Dracocephalum moldavica 
Fagopyron esculentum 
Foeniculum vulgare 
Hyoscyamus niger 
Hyssopus officinalis 
Lavandula anguslifolia 
Lavandula intermedia 
Leonorus lanalus 
Lepidium sativum 
Levisticum officinale 
Leuzea carthamoides 
Linum usitatissimum 
Majorana hortensis 
Matricaria chamomilla 
Halva silvestris ssp. mauritiana 
Melissa officinalis 
Mentha piperita 
Mentha spicata 
Marrubium album 
Ocimum basilicum 
Oenothera lamarckiana 
Papaver somniferum 
Pimpinella anisum 
Plantago altissima 
Bosa canina 
Buta graveolens 
Salvia officinalis 
Salvia sclarea 
Satureja hortensis 
Silybum marianum 
Sinapis alba 
Symphytum officinale 
Trigonella foenum-graecum 
Thymus serpyllum 
Thymus vulgaris 
Valeriana officinalis 
Verbascum phlomoides 
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Table 2 
The ureal distribution of major cultivated medicinal plants, in Hungary 
Arpa (if cult ivat ion (hectares) 
Crop  
1475 1980 1985 1987 
E r g o t 2630 4400 2100 1200 
P o p p y 2400 4500 6250 5700 
W h i t e mustard 10900 18500 14600 9300 
Dill 1430 2100 1600 2100 
L a v e n d e r 610 300 250 270 
P f e f f e r m i n t 150 300 350 400 
C a r a w a y 1310 450 6750 3500 
F e n n e l 590 900 1200 2600 
M a r j o r a m 160 400 870 900 
C h a m o m i l e 260 350 380 450 
Sage 560 400 810 1300 
H o p 640 690 620 520 
O t h e r species 1100 3100 6500 7850 
T o t a l 22740 36390 42280 36090 
(Data by Jeszenszky—Bíró , M. , 1988.) 
Efficient p roduc t ion has b e e n rendered possible by the ef f ic ient research 
a n d breeding a c t i v i t y of scientis ts and specialists working t oge the r in the field 
of b o t h research a n d product ion of medicinal as well as a romat ic p lan t s . 
The processing of medicinal plants 
Figure 2 p rov ides a s impl i f ied outline (f low diagram) of t h e channels 
t h r o u g h which medic ina l p l an t s c a n rcach t h e phase of commercia l izat ion, 
w i t h t h e u l t imate s tage of e i the r expor t or domes t i c marke t ing . One of the 
m a j o r steps in t h i s process conce rns processing. T h e main a ims of medicinal 
p l a n t processing a re t o : 
(a) provide d rugs , drug m i x t u r e s for pha rmac ies . As an example , in the 
f i r s t half of 1983, t h e consumpt ion of six m a i n drugs (Chamomile flower, 
R o s e hips, Linden f lower , Fennel f r u i t , Anis seed, Sennae fol ium) a m o u n t e d to 
s o m e 151 tons. T a b l e 3 provides a list of those uncu l t iva ted medic inal p lants 
t h a t are to be col lected by the suppl ie r s of H e r b á r i a , in 1989; 
(b) produce essential oils b o t h for the h o m e consumpt ion and exports . 
I n 1982, the p roduc t i on of pr inc ipa l essential oils c a m e to roughly 65,808 tons, 
whi le t h e value of expor t s a m o u n t e d to some 867,000 Dollars (6); 
(c) provide r a w material fo r t h e pharmaceu t i ca l indus t ry ; 
(d) provide a r o m a s , colouring substances a n d spice ex t rac t s for the food, 
a n d canning indus t r ies as well as distilleries; 
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Table 3 
List of principal wild-growing plants to be collected in 1989 
1 9 7 
Item Quant i ty (kg) 
Flowers : 
Blackthorn flower 3 000 
Chamomile flower ( f resh) 2 300 000 
Chamomile flower (dry) 40 000 
Elder f lower (dry) 6 500 
E lder f lower (fresh) 200 000 
False acacia flower 5 000 
H a w t h o r n flower wi th leaves 15 000 
H o r c h e s t n u t flower 100 
L a r k s p u r flower 5 500 
L ime flower 20 000 
L inden flower 40 000 
Melilot flower 500 
Sunf lower 2 000 
Y a r r o w flower 3 000 
Leaves : 
Black currant leaf 5 000 
C o m m o n nettle leaf 40 000 
Dandel ion leaf 4 000 
Mallow leaf 5 000 
P u l m o n a r y leaf 4 300 
Herbs : 
Centaury herb 5 000 
Golden rod herb 20 000 
Meli to t herb 10 000 
Mother of Thyme h e r b 10 000 
Mugwor t herb 20 000 
Shepherd ' s Purse h e r b 5 000 
St . J o h n ' s Wort 30 000 
Yar row herb 60 000 
Hoots : 
Burdock root 20 000 
Grea t Celandine root 3 000 
Ne t t l e root 5 000 
Seeds : 
Colchicum seeds 500 
J u n i p e r frui ts 20 000 
Rose hips (dry) 10 000 
Rose hips (fresh) 100 000 
Various items: 
Cherry stalks 3 000 
Frangulae cortex 10 000 
Mistletoe 55 000 
Popu la r buds 1 000 
(Data by H E R B A R I A Cooperative Enterprise) 
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Own production (mil l . %) 
Own consumption 
Bulgar ia Czechoslovakia German Dem. Republic 
Own production (mil l . S) 
Ф 
Own consumption 
Hungary Poland Soviet Union 
Fig. 1. Medicinal a n d a romat ic p l a n t p roduc t i on , c o n s u m p t i o n , expor t i m p o r t in cer ta in 
socialist c o u n t r i e s (Miszlay, 1975) 
Fig. 2. Flow d i a g r a m f o r t he g a t h e r i n g , processing a n d c o m m e r c e of m e d i c i n a l p lan t s 
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Fig. 3. C h a n g e s in the s t r u c t u r e of expor t s v e r s u s t he main E u r o p e a n impor t ing c o u n t r i e s 
( D a t a by P h a r m a t r a d e , 1989) 
200 — — 
7. 150 -
100 
f p f r 
1982 1983 1984 1985 1986 1987 
Years 
Fig. 4. V a r i a t i o n s in t h e expor t s of P h a r m a t r a d e , b e t w e e n 1982-1987 
( D a t a by P h a r m a t r a d e ) 
(e) meet the d e m a n d s of the e x p o r t markets. Since 1949 the medicinal 
plant expor t of Hunga ry has doubled in each decade. I n 1987 it reached a level 
of 8 - 1 0 million Dollars, of which 7 0 - 8 0 % was p u t in to circulation by the 
P H A R M A T R A D E Fore ign Trade Company , Budapes t (1). Changes in the 
s t ruc ture of exports ve rsus the pr incipal spice-, medicinal plant, as well as 
essential oil purchasing countries of P H A R M A T R A D E , in 1983 and 1987 (2) 
and cer ta in variat ions in the exports, dur ing the per iod between 1982-87 are 
summarized in Figure 3. and Figure 4., respectively. (A notable decline can be 
observed in 1986, p r o b a b l y owing to the Chernobyl disaster.) 
Processing technologies are manifold , and v a r y from the t radi t ional 
drying methods applied in auxilliary f a rming to the m o s t sophisticated instant 
tea product ion technologies. 
Conclusions 
In summary, it c an be s tated t h a t for a long t ime the high qua l i ty of 
drugs and the re la t ively low produc t ion costs h a v e made the Hungar ian 
medicinal plant p roduc t s competi t ive. 
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During t h e last decade, however, a cer ta in res t ruc tur ing process ha s 
been taking p lace in the p roduc t ion , processing and also in t h e market ing of 
spice and medic inal crops. I t is t o he expected tha t this progressive develop-
m e n t , also inf luenced by n a t u r e conservation, will increase t h e share of f ield 
product ion. T h e economic changes occurring in this c o u n t r y are likely t o 
e x p a n d t he sha re of small f a r m s . By acquiring or elaborating mode rn processing 
technologies, t h e ultimate goal is to increase t h e share of b o t h half-finished 
a n d finished goods. Being open t o internat ional co-operation, t he Hungar ian 
f i r m s and enterpr ises together endeavour t o combine the r ich tradit ions of 
t h e past with t h e tempting possibilities of t he present. 
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(Received: 17 th J a n u a r y , 1989; accep ted : 13th F e b r u a r y , 1989) 
Introduction 
Dur ing the very long passage of the inorganic components of food, 
wate r and air through the fauna, t h e y probably become part or act ivator 
of prote ins , enzymes, hormones or t issues of the b o d y . 
Two groups of essential trace e lements can be distinguished at present. 
The f i r s t category comprises trace e lements w hich, in t h e ease of an insufficient 
supply, lead to deficiency symptoms in animals and h u m a n s under t h e prac-
tical conditions. Fe, J , Cu, Mn, Zn, Co and Se belong to this g roup . Their 
essential i ty was demons t ra ted in 1957 and all these belong to the group of 
classical trace elements. Such evidence in farm an imals and game in contro-
versial or not available in regard to F . Mo and Cr which belong to t h e second 
category and which are also classical t race elements. The same s i tua t ion is 
t rue for all new t race elements (V, Si, Ni, As, Li, P b , Cd). According to the 
present level of knowledge, sufficient amounts of these elements occur in 
nu t r i en t s as well as in water . Thus, no primary def ic iency symptoms are to 
be expected in animals and humans (Anke et al. 1984a). Their essential i ty is 
de tec ted by means of semisynthet ic ra t ions . 
The available d a t a on the essential i ty of F, Mo, V, Ni, As and Cd are 
summar ized and cri t ically assessed below. 
Fluorine 
As recently as 100 years ago, E r h a r d t (1874) recommended t h a t children 
dur ing the second dent i t ion and children during t h e second den t i t ion take 
f luorine pastilles. I l e recognized the densifying effect of fluorine on t h e dental 
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e n a m e l in tings, bu t this f i n d i n g remained completely unno t i ced at f i r s t . 
I n the thir t ies , t h e correlation be tween a low degree of car ies and the occur-
r e n c e of den ta l fluorosis ( m o t t l e d enamel) was demons t r a t ed . Therefore, Cox 
(1939) proposed enriching t h e d r ink ing w a t e r w i th 1.9 mg F/ l . This was done 
in t h e USA f r o m 1949 onwards , though the re were and are opponen t s of th i s 
m e t h o d . 
The essent ia l i ty of f l uo r ine has been r epea ted ly inves t iga ted . Schroeder 
e t al . (1968) r e p o r t e d on a s l igh t ly decreased g rowth and a r e d u c e d life expec-
t a n c y among m i c e fed on a f luor ide-poor d ie t ; Schwarz and Milne (1972) also 
f o u n d a l imited influence of f l u o r i d e def ic iency on the g r o w t h of rats . The 
n e g a t i v e effect of a f luor ide-poor nutr i t ion (0.1 t o 0.3 mg F /kg ) on the repro-
d u c t i o n pe r fo rmance of mice obse rved by Messer et al. (1972, 1973) was not 
con f i rmed by T a o and Sut t ie (1976). An insuff ic ient Cu a n d Fe supply in 
Messer ' s ra t ions (1973) was a s s u m e d to be t h e reason for t h e d i f fe ren t f indings. 
F luo r ide def ic iency exper iments repeated twice with growing, pregnant and 
l a c t a t i n g goats a lso showed no s ignif icant i n f luence of the f luor ide-poor nu t r i -
t i o n with a semisynthe t ic r a t i o n which con ta ined all necessary components . 
Both the reproduct ion a n d growth pe r fo rmance of t h e goats with a 
f luor ide-poor d ie t remained un in f luenced (Tables 1, 2). A p a r t f r o m maternal 
m o r t a l i t y , t hey were not o the rwise affected b y fluoride def ic iency . F u r t h e r 
r epe t i t i ons mus t c lar i fy the i n f l u e n c e of f luor ide deficiency on t h e life expec-
t a n c y of the f a u n a . 
Table 1 
The influence of fluorine deficiency on reproduction performance and life expectancy 
" (n = 37; 13) 
(Anke a n d Groppel 1988) 
Parameter 
Control 
animals 
F-deficient 
animals p 
Success of f i r s t insemination ( % ) 70 85 0.05 
Conception r a t e (%) 89 92 0.05 
Services pe r gravidity 1.4 1.5 0.05 
Abortions ( % ) 0 8 0.05 
Kids per g o a t carrying to t e r m s 1.3 1.2 0.05 
Dead kids ( % ) 3 0 0.05 
Dead mothe r s ( % ) 16 31 0.05 
I t can he summarized t h a t n o reliable evidence is ava i l ab le on t h e 
essen t ia l i ty of f l uo r ine . Most r e s u l t s obtained a f t e r fluoride supp lemen ta t ion 
a re pharmacologica l effects; e.g. t h e positive resul t s in the prophylaxis of 
d e n t a l caries and osteoporosis. T h o u g h a f luorine requi rement for t h e biological 
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Table 2 
The influence of fluorine deficiency on the pre- und post-natal development of kids 
(Anke and Groppel 1988) 
Parameter (n) 
Control kids F-deficient kids 
О/ 1 
5 X X s 
1st day of life 
(kg) (42; 16) 0.63 2.7 2.8 0.59 0.05 104 
91st d a y of life 
(kg) (31; 12) 2.2 15.6 15.4 4.2 0.05 99 
168 exper imenta l 
days (g /day) (15; 9) 12 107 102 26 0.05 95 
1
 Control kids = 1 0 0 % , deficient kids — x % 
minera l iza t ion m a y exist, it has not yet b e e n exper imenta l ly demons t r a t ed . 
Therefore, Messer (1984) d e f i n e d fluorine as "possibly e s sen t i a l " . 
Molybdenum 
M o l y b d e n u m is a c o m p o n e n t of several enzymes in t h e flora and f a u n a 
(Table 3). 
Table 3 
Molybdenum-containing enzymes of different origin ( R a j a g o p a l a u 1984) 
Enzyme Other prosthetie group* 
Xantl i in dehydrogenase 
Aldehyde oxidase 
Nicotinic acid hydroxylase 
Purine hydroxylase 
Sulfite oxidase 
Carbon monoxide dehydrogenase 
Assimilatory n i t r a t e reductase 
Respiratory n i t r a t e reductase 
Formic acid dehydrogenase 
INitrogenase 
animal, p l a n t , bacteria 
animal 
bacteria 
A. n idulans 
animal, p l a n t , bacteria 
bacteria 
plants, microbes 
bacteria 
bacteria 
microbes 
F A D , Fe/S, MPT1 
F A D , Fe/S, MPT 
F A D , Fe/S, MPT, Se 
F A D , Fe/S, MPT 
H ä m , MPT 
F A D , Fe/S, MPT 
F A D , Häm, MPT 
F e / S , MPT 
Se, Fe/S, MPT 
F e / S 
1
 Molybdopter in 
A p a r t f r o m ni t rogenase , all Mo-depending enzymes contain t h e s a m e 
m o l y b d e n u m factor whose organic basis is a pterin r i n g wi th a side chain 
conta in ing phospha te es te r . 
in sp i te of the clearly demons t r a t ed existence of Mo in many enzymes , 
Mo deficiency in animals could only be induced by h igh doses of t u n g s t e n 
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taking an antagonis t ic e f f e c t . Tungsten can replace 30 — 4 0 % of the Mo in 
t h e sulfite oxidase and, t h u s , inact ivate it (Higgins et al . 1956, Johnson et al. 
1974). Only t h e tenfold r epe t i t i on of an Mo supply of < 24 pg/kg dry m a t t e r 
t o growing, gravid and l a c t a t i n g goats v ia a semisynthe t ic rat ion resu l ted in 
a s ignif icant ly reduced g r o w t h and reproduc t ion p e r f o r m a n c e in t h e Mo-
deficient an ima l s (Tables 4 , 5). 
Table 4 
The influence of molybdenum deficiency on reproduction performance and life expectancy 
(Anke et al. 1983b) 
Control Mo-deficient 
Parameter animals animals p 
Success of first inseminat ion (%) 69 57 0.05 
Concept ion rate ( % ) 83 71 0.05 
Services per gravidity 1.5 1.9 0.05 
Abor t ions (%) 1.4 15 0 . 0 1 
Kids pe r goat carrying t o terms 1.5 1.7 0.05 
Dead k ids (%) 3 28 0 . 0 0 1 
Dead mothers (%) 25 61 0 . 0 0 1 
Table 3 
The influence of molybdenum deficiency on the pre- and post-natal dei'elopmenl of 
bids (Anke et al. 1984b) 
Parameter (n) 
1st day of life (kg) 
(90; 78) 
Control k i d s Mo-deficient 
kids 
p 
s 
0 . 7 8 
X 
3.1 
X s 
2.9 9.77 0.05 94 
91st day of life (kg) 
(50; 43) 4.2 19.6 15.3 3.9 0 . 0 0 1 78 
168 exper imenta l days 
(g/day) (56; 54) 19 92 67 25 0.05 73 
168 exper imenta l days 
(g/day) (5; 8) 41 131 97 13 0.05 74 
The Mo-deficient goats h a d a s ignif icant ly poor success of first insemina-
t i on , needed m o r e services p e r gravidity, a b o r t e d more foe tu se s and showed 
a greatly reduced life e x p e c t a n c y . 
The in f luence of i n t r a u t e r i n e Mo def ic iency on the deve lopmen t of foe ta l 
b o d y weight remained ins igni f icant . The Mo-deficient g o a t s , however, de-
livered s ignif icant ly more k ids wi th a live weight of < 2 .0 kg than cont ro l 
goa t s (Anke e t al. 1984b). T h e Mo-deficient kids weighed 2 2 % less t h a n t h e 
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control animals on the 91st d a y of life, i.e. a t t h e end of t h e suckl ing pe r iod . 
D u e to the increased intake of t h e semi-synthet ic rat ion, the d i f ference be tween 
t h e groups o n l y became s ignif icant at the end of the suckl ing period. On t h e 
average , the mi lk of Mo-deficient goats con ta ined double t h e Mo amoun t of 
the semi-synthe t ic rat ion (Anke et al. 1983b) (Table 6). T h e billy goats as 
well as t h e female goats gained 27 and 2 6 % less weight t h a n t h e control an i -
mals dur ing t h e subsequent g rowth period. 
Table 6 
The influence of molybdenum deficiency on the molybdenum content of milk 
(/'g/kg d ry mat te r ) (Anke e t al. 1985a) 
Stage of lactation 
Control goats Mo-deficient 
goats 
' 
X X S 
Colostral milk (32; 23) 61 61 35 26 0.05 46 
Na tu re milk (76; 48) 70 116 51 34 0 . 0 0 1 46 
In h u m a n s . Mo def ic iency was only re l iably detected in a 24-year-old 
m a n af ter an 18-month p a r e n t e r a l nu t r i t ion . H e suffered f r o m hcadaches a n d 
le thargy , and excreted lit t le su l f a t e via u r ine . The supp lementa t ion of 300 цg 
a m m o n i u m molybda te /day rc moved these s y m p t o m s ( A b u m r a d et al. 1981). 
The solut ions applied for parentera l nutr i t ion in t h e GDR con t a in 
between 0.3 and 8.0 fig Mo/1. I n the case of long-term p a r e n t e r a l n u t r i t i o n , 
10 to 12 jig Mo/day might n o t cover the a s sumed Mo r e q u i r e m e n t of 25 / tg /day 
in h u m a n s (Anke and Groppe l 1988). 
F u r t h e r m o r e , a genetic defect in h u m a n s can p reven t t h e sulfite o x i d a -
t ion. In chi ldren, this defect leads to ser ious cerebral t r a u m a , a d i s tu rbed 
menta l deve lopmen t , t he dislocation of eye lens, an increased renal su l f i t e 
and decreased sulfate excre t ion . The chi ldren are incapab le of synthes iz ing 
the molybdop te r in complex. Mo appl icat ion does not o v e r c o m e this p r o b l e m 
(Duran et al. 1978, Johnson e t al. 1980, W a d m a n et al. 1983). 
The Mo requi rement of t h e fauna is < 100 /tg/kg r a t i o n dry s u b s t a n c e . 
There is no p r i m a r y Mo def ic iency since th i s requi rement is a lways met ( A n k e 
et al. 1984h). 
Vanadium 
The effects of a V-poor nutr i t ion were already inves t iga ted in r a t s a n d 
chicks a t t h e beginning of t h e seventies. Chicks with 10 fig V/kg ra t ion grew 
badly, wi th wing and tai l fea thers developing slowly (Hopk ins and Möhr 
1971). R a t s w i th Y-poor r a t i ons reacted to V supp lementa t ion wi th an improved 
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growth (S t r ad i a 1971) a n d a better reproduc t ion p e r f o r m a n c e ( H o p k i n s and 
Möhr 1974). The inf luence of V deficiency on the blood and the Fe metabo l i sm 
of rats is controversial (S t rad ia 1971, Nielsen and Ollrich 1973, Wil l iams 
1973, Nielsen et al. 1983, Shuler and Nielsen 1984). 
Since the re were no def in i t e results on the inf luence of a V-poor nu t r i t i on , 
the effects of V-deficiency (1 to 9 /ig V/kg ra t ion) were invest igated in growing, 
gravid and lac ta t ing g o a t s un t i l the end of their l ives. T h e exper iments were 
repeated seven times. V def ic iency decreased the success of the first insemina-
tion and signif icantly inc reased the n u m b e r of services per gravidi ty as well 
as the a b o r t i o n rate (Table 7). The n u m b e r of kids pe r goa t carrving to t e rms 
and the l ife expectancy of t h e mothers a n d their o f f sp r ing were also signifi-
cant ly r educed by the V - p o o r nutr i t ion. 
Table 7 
The influence of vanadium deficiency on reproduction performance and life 
expectancy (Anke et al. 1986a) 
Parameter 
Control 
animals 
V-def ic ient 
an imals p 
Success of first insemina t ion (%) 77 57 0 . 0 0 1 
Conception rate ( % ) 89 85 0.05 
Services per gravidi ty 1.4 2.0 0 . 0 1 
Abor t ions (%) 0 27 0 . 0 0 1 
Kids per goat car ry ing t o terms 1.5 1.1 0 . 0 0 1 
Dead kids (%) 9 41 0 . 0 0 1 
Dead mothers (%) 25 58 0 . 0 0 1 
I t was surprising t h a t t h e pre- and pos t -na ta l deve lopmen t of t h e off-
spring r e m a i n e d completely unaffected b y V deficiency (Tabic 8) whereas the 
milk p roduc t ion of V-def ic ien t goats was signif icantly reduced by 9 % . T h e 
Table 8 
The influence of vanadium deficiency on the pre- and post-natal development of kids 
(Anke et al. 1986b) 
Paranietpr (a) 
1st day of life (kg) 
(93; 50) 
91st day of life (kg) 
(48; 23) 
168 exper imenta l days 
(g/day) (53; 33) 
Control k ids \ -deficient 
kids 
0.80 2.86 2.87 0.79 0.05 100 
4.0 17.2 16.4 4.6 0.05 95 
34 92 92 34 0.05 100 
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offspring of the V-def ic ient goats f r e q u e n t l y fell ill, a n d h a d skeletal d a m a g e 
of the forelegs. The goa ts suffered f rom pa in s in the j o i n t s and often changed 
their posi t ion in order t o relieve the s t r a in on their legs. Finally, t h e me ta -
tarsal j o in t s th ickened and deformat ions of the fore extremeties occu r r ed . 
T h e Y content of t h e milk of con t ro l and V-deficient goats was e x t r e m e l y 
low ( < 10 /ig V/kg mi lk dry subs tance) . Pa r t s of t h e skeleton obvious ly 
ref lected t h e У s ta tus of t h e fauna . N o influence of Y deficiency on t h e Fe 
s t a tus and t h e blood w a s registered. T h o u g h no V-dependen t enzymes have 
been de tec ted up to now in mammals a n d birds, V m u s t probably be assigned 
to t h e essential e lements (Anke et al. 1983a, 1985b, 1986a, 1988). T h e essen-
t ia l i ty of V for h u m a n s was assumed, b u t not demons t r a t ed ( H o p k i n s and 
Möhr 1974). 
I t can be summar i zed tha t V def ic iency has only an insignificant effect 
on g rowth whereas it reduces reproduc t ion per formance and life e x p e c t a n c y . 
Nickel 
T h e l iydrogenase, carbon m o n o x i d e dehydrogenase and t h e mc thy l -
coenzyme-M-reductase of several species of bacteria a n d the plant u r e a s e are 
Ni -dependent enzymes (Nielsen 1987). A Ni-poor nu t r i t ion ( < 100 /jg/kg 
ra t ion d r y ma t t e r in r u m i n a n t s and < 50 pg Ni/kg in monogastr ic species) 
led to growth depressions in the f a u n a (Table 10), d is turbed r ep roduc t ion 
per fo rmances (Table 9) and a reduced l ife expec tancy (Table 9) ( A n k e 1973, 
Anke et al. 1977, 1978h, 1983c, Schnegg and Kirchgessncr 1975a, Nie lsen et al. 
1975, Spears et al. 1978, 1979). 
Table 9 
The influence of nickel deficiency on reproduction performance and life expectancy 
(Anke e t al. 1984c) 
Parameter 
Control 
animale 
N-def ic ient 
animals p 
Success of f i rs t insemination ( % ) 70 55 0.05 
Conception r a t e ( % ) 83 71 0.05 
Services per g rav id i ty 1.4 1.9 0.05 
Abortions ( % ) 1 9 0 . 0 0 1 
Dead kids ( % ) 9 38 0 . 0 0 1 
Dead mothers ( % ) 24 43 0 . 0 1 
As a rule, chicks (Nielsen and Säuberl ich 1970, 1975), mini-pigs (Anke 
1973, Anke et al. 1974), goats (Anke e t al. 1976h, 1980a) and r a t s (Nielsen 
et al. 1975, Schnegg and Kirchgessncr 1975a, b) w i t h an Ni-poor nu t r i t i on 
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Table 10 
The influence of nickel deficiency on the prest and post-natal development of kids 
(Anke et al. 1983c) 
Control k ids Ni-deficient 
kids 
Paxanietrr P 
1st day of l ife (kg) 
91st day of life (kg) 
168 expe r imen ta l day (g/day) 
0.77 3 .1 2.8 0.80 0.05 90 
4.2 19.1 16.3 3.8 0.001 85 
33 99 88 42 0.05 89 
suffered f rom les ions of the sk in and had a s h a g g y coat of h a i r respectively. 
Pus tu les also occur red on the u d d e r s of goats ( A n k e et al. 1980a) and individual 
cases of d w a r f i s m were observed as well ( A n k e et al. 1984c). Ni-deficient 
piglets renally excre ted more ca lc ium t h a n con t ro l animals a n d had a lower 
C a content in t h e skeleton ( A n k e 1973, A n k e e t al. 1974). 
The Ni-def ic ient rats incorpora ted m a g n e s i u m into t h e skeleton ins tead 
of calcium (Kirchgessner et al. 1980). The d i s t u r b e d Ca metabo l i sm induced 
a Zn depletion in goats (Anke e t al. 1980a), p igle ts (Anke 1973, Anke et al. 
1974) and r a t s (Schnegg and Kirchgessner 1976a) . Ni def ic iency leads to a 
reduced Zn incorpora t ion into several organs a n d the milk, w h i c h was defini-
t e l y demons t ra ted by ll5Zn in goa t s . I t is due t o a lower Zn absorp t ion (Anke 
e t al. 1984c). T h e r e are also in te rac t ions b e t w e e n Ni and Fe. R a t s with a Ni-
p o o r nutri t ion (Schnegg and Kirchgessner 1975b, 1976b, 1977a, 1977b. 1977c, 
Kirchgessner a n d Sohnegg 1980a, Nielsen a n d Myron 1980, Nielsen et al . 
1979) and goats (Anke et al. 1980a, 1982) su f fe red from a n a e m i a , which was 
caused by a r e d u c e d haemoglobin and haemotoc r i t content . 
The microbiological d iges t ion of r u m i n a n t s , and of herbivores wi th 
appendiceal d iges t ion , can he inf luenced b y severa l Ni -dependcnt enzymes 
(e.g. urease), t h o u g h urea is a lso decomposed b y the A T P u r e a amidolase 
( A n k e 1985). Ni -def ic ien t animals h a d only 2 % of the urease a c t i v i t y of control 
an ima l s in their r u m e n content (Henn ig et al. 1978). I t was possible to increase 
t h e urease a c t i v i t y of the rumen content by s u p p l y i n g Ni to sheep , lambs a n d 
f a t t e n i n g cat t le . 
Ni def ic iency also caused a t r o p h y of tes t ic les , a reduced product ion of 
pe rma tozoa and Libido sexualis in adult b i l ly goats (Anke e t al. 1984c). 
The Ni r e q u i r e m e n t of t h e f a u n a and of h u m a n s is < 500 pg Ni/kg dry-
m a t t e r , which m a y amount t o < 100 pg/kg d r y mat te r (Anke et al. 1984c) 
a n d is met by bas i c nutr i t ion (Anke 1985, Anke e t al. 1983d). T h u s , no p r i m a r y 
def ic iency s y m p t o m s are to be expec ted . 
I t can be summar ized t h a t nickel is essen t ia l for the f a u n a . 
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Arsenic 
According to F r i e d e n (1984), t h e essentiali ty of arsenic is u n d i s p u t e d . 
Nielsen and Uthus (1984) xvrote: " I n 1975—1976 t h e first f indings shoxving 
t h a t arsenic is essent ia l came f rom t w o laborator ias . The studies on arsenic 
essent ia l i ty appa ren t ly xvere done in each labora tory wi thou t knowledge tha t 
s imilar s tudies xvere be ing done in t h e o the r . As a resul t of these inves t iga t ions 
signs of arsenic dep r iva t i on were descr ibed for chick, goat , mini-pig a n d ra t . 
The signs of deficiency for mini-pigs a n d goats were reviewed by A n k e et al. 
(1976a. 1978a. 1980b) and those for chicks and r a t s b y Uthus et a l . (1983)." 
In spite of these findings, t h e func t ions of As in animals a n d humans 
are fa i r ly unknown. T h e results ob ta ined in As def ic iency exper iments repeated 
12 t imes with growing, pregnant a n d lac ta t ing goats a re summarized in Table 
11 (Anke et al. 1986b). The As-poor nutr i t ion ( < 35 /ig As/kg r a t i o n dry 
m a t t e r ) induced a s ignif icant ly poor success of t h e first inseminat ion and 
a reduced conception r a t e in goats (Table 11). The As-deficient an ima l s needed 
more services per graxddi ty and a b o r t e d s ignif icant ly more foetuses. 
Table 11 
The influence of arsenic deficiency on reproduction performance and life expectancy 
(Anke et al. 1986b) 
Parameter 
Conti III 
animals 
As -def ic ien t 
a n i m a l s p 
Success of f i r s t insemination ( % ) 7 5 5 7 0 . 0 1 
Conception r a t e ( % ) 8 9 7 1 0 . 0 0 1 
Services per g rav id i ty 1 . 3 1 . 9 0 . 0 0 1 
Kids per goat carrying to t e rms 1 . 4 1 . 4 0 . 0 5 
Abortions ( % ) 0 . 8 1 5 0 . 0 0 1 
Dead kids ( % ) 5 . 8 3 2 0 . 0 0 1 
Dead mothers ( % ) 2 4 4 8 0 . 0 0 1 
T h e life e x p e c t a n c y of the goa t s and their offspr ing was considerably 
r educed . Most goats died suddenly betxveen the 17th and 35th d a y du r ing the 
second lactat ion (Anke et al. 1980b, 1983e, 1985c, 1987b). No As-deficient 
goa t surxived the second gravidi ty . As-deficient g o a t s reached an age of more 
t h a n 6 years (Anke e t al. 1983e). T h e u l t r a s t r u c t u r a l changes i n d u c e d by As 
def ic iency mainly a f f ec t skeletal muscu la tu re and t h e membrane of t h e mito-
c h o n d r i a of the h e a r t (Schmidt et al. 1983, 1984). The influence of As defi-
c iency on growth (Table 12) is less dis t inct . O n l y t h e kids showed a signif-
i can t ly reduced g r o w t h at the end of t h e lac ta t ion period. The m i l k of control 
and As-deficient goa t s was As-poor and conta ined less As t h a n d id the As-
def ic ient rat ions in bo th groups. T h e offspring a l r e a d y accumula te large As 
a m o u n t s in t ra -u te r ina l ly on xvhich t hey lix-e d u r i n g the suck l ing period. 
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Table 12 
The influence of arsenic deficiency on the pre- and post-natal development of kids 
(Anke et al. 1986b) 
Control kill« As-dcficirnl 
kids 
Paramrtcr P o, 
X X 
1st day of life (kg) 
91st day of life (kg) 
168 exper imenta l days (g/day) 
0.76 4.0 2.8 0.74 0.05 93 
4.5 18.6 16.2 4.3 0.01 87 
33 90 75 27 0.05 83 
As-deficient k i d s only had f r a c t i o n s of the As supplies of t h e control k ids . 
As deficiency a lso reduced the a m o u n t of milk product ion of t h e goats, wi th 
t h e protein c o n t e n t being the s a m e and t h e f a t content of t h e milk being 
increased (Anke e t al. 1987h). 
The As r e q u i r e m e n t of t h e fauna was calculated to be < 50 pg/kg 
r a t i on dry m a t t e r (Anke 1986). An As r e q u i r e m e n t of adult h u m a n s of 6 pg 
per 1000 kcal or 12 to 25 pg e v e r y day is deduced from the r e su l t s of animal 
exper iments (Nielsen 1984, A n k e 1986c). The As demand of animals and 
h u m a n s is met b y feedstuffs, f o o d s t u f f s and w a t e r in the G e r m a n Democrat ic 
Repub l i c (Krause 1986 1988). 
I t is s u m m a r i z e d that t h e available r e su l t s point to t h e essentiali ty 
of arsenic, a l t h o u g h uo As-dependent enzymes h a v e been found up to now. 
F u r t h e r e x p e r i m e n t s must c o n f i r m the lat ter s t a t e m e n t . 
Cd belongs t o t h e highly t ox i c elements. D u e t o its gradual accumula t ion 
in t h e kidney w i t h increasing age. i t is pa r t i cu la r ly dangerous for long-living 
species of animals (Friberg et al . 1974). In spi te of its high tox i c i t y and t h e 
ex is tence of only f e w papers (Schwarz and Spal lholz 1977, A n k e et al. 
1977) which deal w i t h the essent ia l i ty of this e l e m e n t , Smith (1984) wrote: 
" A l t h o u g h these r e p o r t s are not sufficient to es tab l i sh defini t ively a specific 
f u n c t i o n for c a d m i u m , the meta l is a good c a n d i d a t e for essent ia l i ty . The 
h i s t o r y of trace m e t a l research shou ld serve as a warn ing against t ak ing too 
pessimist ic a view on t h e possible essential i ty of c a d m i u m , because a number 
of o t h e r elements (no tab le Se) w h o s e toxicity a lone was initially apprecia ted 
h a v e been subsequen t ly proved t o be essent ial ." 
More evidence fo r the essent ia l i ty of Cd is n o w available a f t e r t h e tenfold 
repe t i t ion of Cd def ic iency exper imen t s with g rowing , pregnant a n d lac ta t ing 
goa t s and their o f f sp r ing . 
Cadmium 
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Compared to con t ro l animals, t h e Cd-Poor n u t r i t i o n ( < 15 /tg Cd/kg 
rat ion d r y mat ter ) r educed the success of the first inseminat ion of t h e goats 
(300 /tg Cd/kg ration d r y mat ter ) s igni f icant ly (Table 13). 
Table 13 
The influence of cadmium deficiency on reproduction performance and life expectancy 
(Alike e t al. 1987a) 
Parameter 
Control 
animal. 
Cd-def ic ien t 
a n i m a l s p 
Success of f i r s t insemination ( % ) 73 46 0 . 0 0 1 
Conception r a t e ( % ) 85 72 0.05 
Services per g rav id i ty 1.2 2.2 0 . 0 0 1 
Kids per goat ca r ry ing to te rms 1.4 1.6 0.05 
Abortions ( % ) 0 12 0 . 0 1 
Dead kids ( % ) 8.0 43 0 . 0 0 1 
Dead mothers ( % ) 30 41 0.05 
T h e number of services as well as the abor t ion ra te and t h e mor ta l i ty 
of the mothers and t h e i r offspring increased s ignif icant ly . The in t ra -u te r ina l ly 
As-deple ted kids of severa l exper imen ta l years r epea ted ly proved t o he very 
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phlegmat ic ; e.g. t h e y were h a r d l y able to k e e p their heads u p r i g h t . In 1985, 
9 k ids of Cd-def ic ien t animals w e r e at our d isposa l for the f i r s t t ime. All kids 
showed an a c u t e muscular a s t h e n i a about 6 weeks after be ing weaned. Firs t 
t h e y moved c lums i ly and s t i f f ly . La ter on, t h e y became u n a b l e t o move and 
cou ld not s t a n d . Finally, t h e y were unable t o raise their h e a d s and died. 
A f t e r the dea th of 6 out of t h e 9 Cd-deficient kids, the 3 su rv iv ing animals 
w h i c h were also u n a b l e to m o v e (2 males, 1 f ema le ) were fed on the rat ion of 
con t ro l goats w i t h 300 /ig Cd/kg. The animals slowly regained the i r mobil i ty 
a n d gained w e i g h t (Fig. 1.). T h e same s y n d r o m e of muscular asthenia was 
registered in a d u l t goats in 1987. 
Cd def ic iency did not h a v e a n y significant effect on t h e g rowth of k ids 
d u r i n g suckling p e r i o d (Table 14). There was also no significaut g rowth depres-
s ion iu the kids a f t e r their w e a n i n g and the appl ica t ion of t h e Cd deficiency 
Table 14 
The influence of cadmium deficiency on the pre- and post-natal development of hids 
( A n k e et al. 1987a) 
P a r a m e t e r 
Control 
s 
kids 
X 
Cd-deficient 
kids 
x s 
p % 
1st day of life (kg) 0.76 3 0 2.8 0.74 0.05 93 
91st day of life (kg( 4.5 18.6 16.2 4.3 0.05 87 
168 experimental days (g/day) 33 9 0 75 27 0.05 83 
d i e t ; hu t the Cd-def ic ient goats produced 2 8 % less milk t h a n the control 
a n i m a l s . Its f a t c o n t e n t remained unaffected b y t h e Cd def ic iency whereas 
i ts prote in con ten t increased s igni f icant ly . The u l t r a s t ruc tu ra l analys is of t h e 
l ive r , the skeletal a n d cardiac musc les and of t h e kidneys showed tha t the 
Cd-defic ient goats h a d generat ively altered mi tochondr i a in liver a n d kidneys. 
Christolysis and ves icu la r dis tensions were de t ec t ab l e . These f i n d i n g s indicate 
a r e d u c e d protein synthesis and a n increased p r o t e i n mobi l izat ion f rom t h e 
m u s c u l a t u r e in l a c t a t i n g goats ( A n k e et al. 1987a) . 
The essent ia l i ty of Cd can n o longer be d i s regarded . The Cd requ i rement 
m i g h t amount to 20 jMg/kg rat ion d r y substance. A ration wi th 6 8 jMg/kg did 
n o t m e e t this r e q u i r e m e n t (Anke e t al. 1984d). P r i m a r y Cd de f i c i ency symp-
t o m s are not to be expected in h u m a n s and a n i m a l s (Masaoka e t al. 1986) 
s ince t h e Cd c o n t e n t of nu t r i t i ona l material ( K r o n e m a n n et a l . 1982) is 
cons iderably h igher t h a n the p o s t u l a t e d Cd r equ i r emen t . The pract ical im-
p o r t a n c e of Cd for t h e fauna and h u m a n s is in t h e field of t o x i c i t y (Kostial 
1986). 
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P R O G R E S S A N D P R O B L E M S O F 
B I O T E C H N O L O G Y I N T H E S O Y B E A N 
(GLYCINE MAX (L.) M E R R . ) 
E . Kiss , L. H E S Z K Y and G . G Y U L A I 
D E P A R T M E N T OF G E N E T I C S A N D P L A N T B R E E D I N G U N I V E R S I T Y O F A G R I C U L T U R A L S C I E N C E S , 
GÖDÖLLŐ, H U N G A R Y 
(Rece ived : 19th J u n e 1989; accepted: 10th J u l y 1989) 
In t roduct ion 
The soybean (Glycine max (L.) Merr.) is one of those economical ly im-
p o r t a n t p lant species which are d i f f icul t to man ipu l a t e b y the usual methods 
of p l a n t tissue cu l tu re (Hi ldebrand t et al. 1986, Graybosch et al. 1987). As 
long as the in v i t ro cul tures were used to s tudy t h e physiological processes 
a n d t h e factors in f luenc ing t h e m (Marót i 1976), it was sufficient t o optimize 
t h e condit ions of t h e callus- and cell suspension cu l tures . In respec t to the 
soybean , this was a l ready done in t h e sixties (Miller 1968, G a m b o r g et al. 
1968). 
The object of genetic in t e rven t ions suitable t o p roduce t ransgenic p lants 
n o w a d a y s is the cu l tu red p lan t cell, — tissue or -o rgan , f rom which through 
i ts t o t ipo teucy — w i t h the proper exogenous condi t ions provided — t h e whole 
p l a n t can be regenera ted (Heszky 1975). E labora t ing a routine, reproducible 
p l a n t regenerat ion sys tem is a basic condition of app ly ing the var ious bio-
technological m e t h o d s in higher p l an t s . 
Tissue cu l ture research wi th t h e soybean began relat ively ea r ly , yet the 
resu l t s have general ly fallen behind those of inves t iga t ions into tobacco- , rice-
or, e.g., wheat t i s sue cultures. However , in t h e second half of t h e eighties 
considerable progress has been m a d e , which calls for a sys temat ic summar iza-
t i o n of the resul ts a t t a i ned so f a r (Table 1). 
Abbreviations 
A B A : abscisic ac id , BA: b e n z y l a d e n i n e , B5: G a m b o r g e t al. (1968) c u l t u r e m e d i u m , 
CM: coconu t milk, C P A : p -ch lo rophenoxy ace t ic acid, 2 ,4-D: 2 ,4 -d ich lo rophenoxy ace t ic ac id , 
I A A : indole-3-acet ic ac id , I B A : i n d o l e - b u t y r i c acid, K I N : k i n e t i n , MS: Murashige-Skoog 
c u l t u r e med ium, N A A : n a p h t h a l e n e - a c e t i c acid, 2,4,5-T: 2 ,4 ,5 - t r i ch lo rophenoxy ace t ic acid. 
E m b r y o culture 
The in vitro deve lopment of isolated embryos is in tended bo th t o discover 
t h e processes t a k i n g place in t h e course of seed m a t u r a t i o n , and to de termine 
t h e condit ions of in vitro embryogenesis . (Cut ter a n d Bingham 1975, Oben-
dorf et al. 1978, 1983, Eisenberg and Mascarenhas 1985) 
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Table 1 
Induction of morphogenesis in soybean tissue cultures 
Expiant Culture medium + supplements 
Glycine max 
Glycine max 
Glycine max 
Glycine soja 
Glycine tabacina 
Glycine max 
Glycine max 
Glycine max 
Glycine max 
Glycine max 
Glycine tomentella 
Glycine canescens 
Glycine max 
Glycine max 
Glycine soja 
Glycine max 
Glycine max 
Glycine soja 
Glycine soja 
Glycine tabacina 
hypoco ty l 
leaf t issue 
i m m a t u r e 
co ty ledon 
G a m b o r g (1966) a n d Miller 
(1965) 's m e d i u m + N A A + 
K I N + 2,4-D - f CM and I A A 
MS + N A A + K I N 
B5 + 2,4-D + K I N + I A A 
seedlings coty ledon Modif ied Phil l ips (1974) me-
d i u m + 2,4-D -f K I N 
Modif ied B5 + B A 
Modif ied B5 + GA 3 + I A A 
co ty l edona ry node 
a n t h e r 
s t em and co ty l edona ry B5 + BA 
node 
petiole, shoot t ip , pod B5 + CM (p ro top la s t ) MS 
t issue, roo t 2,4-D -+- K I N (callus) 
hypoco ty l MS + B A + N A A 
shoot mer i s t em and 
leaf p r imord ia 
hypoco ty l 
cpicotyl 
roo t t ip 
hypoco ty l a n d cotyle-
don 
e m b r y o axis 
R o o t d e v e l o p m e n t : 3 5 — 9 0 % ; 
shoot regenera t ion 1 — 8 % 
Roo t deve lopmen t 
R o o t d e v e l o p m e n t 
K imba l l 
(1973) 
and B i n g h a m 
E v a n s et al. (1976) 
Beversdor f and B i n g h a m 
(1977) 
MS sal ts B5 V i t a m i n s 
L2 Phi l l ips and Collins m e d i u m 
(1979) + I A A + I B A , N A A or 
2,4-D + B A or K I N or zea t in 
Modif ied B5 + CPA + B A a n d 
MS + IAA + B A 
B5 + N A A 2,4-D MS + I A A + 
B A 
MS + 2,4-D a n d reduced N-
source MS + I B A + B A 
Shoo t -bud d i f f e ren t i a t ion ( 3 % of 
t h e cu l tu re s ) 
Shoo t a n d roo t d e v e l o p m e n t 
Shoo t and root d i f f e ren t i a t ion 
Shoot and roo t d e v e l o p m e n t 
In p r o t o p l a s t cu l tu re roo t dif-
f e ren t i a t ion 
Shoot regenera t ion shoot bud 
f o r m a t i o n 
I n t a c t p l a n t regenera t ion 
I n d u c t i o n of somat ic e m b r y o s 
and leaf deve lopmen t 
R o o t d i f f e ren t i a t ion f r o m pro to -
p las t cu l tu re 
Shoot deve lopmen t 
I n d u c t i o n of somat ic embryo-
genesis 
F r o m p ro top l a s t embryo- l ike 
s t r u c t u r e 
Oswald et al. (1977) 
Cheng e t al. (1980) 
G u a n g c h u e t al. (1980) 
Saka et al. (1980) 
Zieg and O u t k a (1980) 
K a t n e y a a n d Widho lm 
(1981) 
K a r t h a et al. (1981) 
Phil l ips a n d Collins (198 l ) 
X u e t al. (1982) 
Widho lm a n d Rick (1983) 
Chr is t iansen e t al. (1983) 
G ambor g et al. (1983) 
Glycine max 
Glycine canescencs 
Glycine max 
Glycine max 
Glycine max 
Glycine max 
Glycine max 
Glycine max 
Glycine max 
Glycine max 
Glycine clandestina 
Glycine canescens 
Glycine max 
Glycine max 
Perennial Glycine 
varieties 
Glycine max 
Glycine max 
cotyledonary tissue 
hypocotyl 
immature embryo 
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Hsu a n d Obendorf (1982) ana lys ing the to ta l p ro te in - , lipid-, s t a rch- , 
free amino acid-, D N A - and RNA c o n t e n t s of e m b r y o s developed u n d e r 
natura l a n d artificial condi t ions , respect ively , conc luded tha t the n a t u r a l 
processes could be s imula ted wi th in v i t r o condit ions. Thompson et al. (1977) 
found t h a t grains grown in vivo were h igh ly similar t o those grown in vitro 
as regards t h e synthesis of the i r reserve proteins, a l t hough the in vitro pro-
cesses were quicker t h a n t h e in vivo ones . Tilton and Russel (1984) isolated 
embryos of globular, h e a r t - and cotyledon s tage onto c u l t u r e media con ta in ing 
various hormones . The m o s t favourable germinat ion a n d plant regenera t ion 
results were obta ined w i t b embryos pas t t h e hear t s tage in B5 medium, supple-
mented w i t h 0.1 mg/1 indole-butyr ic acid. P l an t s grown in vitro were smaller 
in size (wi th fewer and s h o r t e r internodes) and had smal ler leaves t h a n those 
obtained f r o m seeds m a t u r i n g under in vivo condit ions. R a p e r and P a t t e r s o n 
(1986) s t ud i ed the t e m p e r a t u r e - and photoper iod r equ i remen t s for in vitro 
embryos m a t u r i n g t h r o u g h t h e trend of t h e fresh- and d r y weight of fu l ly 
developed embryos . 
Til ton a n d Russel (1984) considered it impor t an t t o establish t h e opt i -
m u m condi t ions of an e m b r y o culture, pr imar i ly to ensu re the surv iva l of 
hybrid e m b r y o s of soybean and wild Glycine species. W i t h o u t the e m b r y o 
culture, p l a n t s were earlier obta ined in vivo f rom a mere 4.7 percent of t h e 
hybrid e m b r y o s (Newell a n d Hymowitz 1982). Broue e t al. (1982) p roduced 
t h e hybrids Glycine max. X G. tomentella a n d G. max. X G. canescens by us ing 
embryo cu l tu res , which m e a n t the s imul taneous in t roduc t ion of embryo c u l t u r e 
in the prac t ice of plant b r eed ing (Kurnik a n d Szabó 1987). 
Morphogenesis f rom cul tures of embryo origin 
The i m p o r t a n c e of embryogenesis of organogenesis inducible in soma t i c 
cells of t h e developing e m b r y o lies in t h e f a c t t h a t , whi le wi th other p l a n t 
species in vitro morphogenes is has been induced from t h e most diversif ied 
expiants ( an the r s , mesopliyll cells, segments of shoot a p e x , mesophyll p ro to -
plasts , m a t u r e or i m m a t u r e embryos) , t h e isolation of t h e immatu re soybean 
embryo has g iven promising resul ts . 
Beversdorf and B i n g h a m (1977) cu l t u r ed i m m a t u r e cotyledons f r o m 56 
genotypes of t h e soybean species Glycine max, G. soja and G. tabacina on B l a y d e s 
(1966) cu l ture medium, supp lemen ted w i t h 2 mg/1 of e ach of 2,4-dichloro-
phenoxy-acet ic acid (2,4-D) a n d naphtha lene-ace t ic acid. A f t e r four weeks t h e 
cotyledons were t ransfer red t o a medium conta ining 0.01 mg/1 2,4-D a n d 
0.3 mg/1 k ine t in , and s u b c u l t u r e d for a f u r t h e r 28 days . Dur ing tha t per iod 
meristemic cen t re s were f o r m e d in the cal lus . In the cal lus of Glycine m a x 
only roots developed from t h e embryo-like s t ruc tures , bu t ne i ther shoots n o r 
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whole p l a n t s were ob ta ined . Calli cu l tured longer t h a n 13 months even lost 
their capab i l i ty of rhizogenesis. 
The p l a n t — cell — p l a n t system real izable in p l a n t cell cultures w o r k s 
through soma t i c embryogenes is or t h r o u g h shoot morphogenesis . In t h e case 
of soybean t h e successful resul ts ob ta ined wi th other p l a n t species ( ca r ro t , 
pea, man ioka , etc.) could b e reproduced ne i t he r by aux in induct ion and w i th -
drawal, no r wi th a de f in i t e ra t io of aux in a n d cytokinin . 
The so-called morphological ly c o m p e t e n t culture — i.e. a culture c a p a b l e 
of morphogenesis — p r o d u c e d by Chr is t ianson et al. (1983) from segment s of 
embryo axis , using 2,4-D a n d a reduced n i t r ogen source, w a s in several respec ts 
an i m p o r t a n t s tep t owards t h e development of a plant regenera t ion sy s t em for 
soybeans. These au thors succeeded in p roduc ing e m b r y o i d s in their exper i -
ments, a n d on the basis of their ach ievement s they cal led a t tent ion t o t h e 
normal and abnormal c h a r a c t e r of the developing s o m a t i c embryos, a n d to 
the i m p o r t a n c e of a b a l a n c e d shoot- a n d root morphogenesis . Never theless , 
they did n o t provide a sa t i s fac to ry m e t h o d for in vitro regenerat ion of p l a n t s . 
The somat ic e m b r y o s induced by L ipp inanu and L i p p m a n n (1984) f r o m 
cotyledon t issues reached t h e " t o r p e d o " s tage of deve lopment , b u t p l a n t s 
could no t be regenerated f r o m them. R a n c h et al. (1985) induced calli and 
somatic e m b r y o s f rom proembryos of g lobular and h e a r t stage, us ing high 
concent ra t ions (22.5 /iM—430 ^M) of 2 ,4-D. The deve lop ing embryos were 
cultured on B5 medium conta in ing indole-butyr ic acid a n d abscisic ac id ; t h e n 
the developed somatic e m b r y o s were ge rmina t ed on B5- or MS-basal med ia 
containing 0.06 pM indole-butyr ic acid and 0.3 /.(M gibberrellic acid. A f t e r 
the deve lopment of t h e apica l region, t h e plant le ts were placed in a m e d i u m 
of B5 -f- 0.5 juM indole -butyr ic acid composi t ion before plant ing in t h e soil. 
According t o Ranch e t al. (1985) t h e f requency of embryogenesis r anged 
between 20 and 90 p e r c e n t , and p lan t s w i th 2-4 nodes could be r egene ra ted 
in 30 d a y s f rom all of t h e mature s o m a t i c embryos . T h e authors p u t t h e 
successful p lan t r egenera t ion at 20-60 pe rcen t , and considered the e m b r y o n i c 
m a t u r a t i o n to be the l e a s t efficient p h a s e of the process . They also s t ressed 
the abnormal i t i e s of deve lopment occur r ing in the course of germina t ion , a 
recurrent problem in t h e i r subsequent exper iments . 
Lazzer i et al. (1985) induced s o m a t i c embryogenes is f rom i m m a t u r e 
cotyledons on a MS bas ic medium, supp lemen ted w i t h B5 v i tamins , using 
2,4-D a n d naph tha lene-ace t i c acid, a n d found t h a t t h e 2,4-D, while more 
efficient t h a n the naphtha lene-ace t ic acid in inducing somat ic embryogenesis , 
caused disorders of e m b r y o n i c deve lopment . 
Li e t al. (1985) descr ibed a soybean regenerat ion m e t h o d s ta r t ing f r o m a 
single cell. Pods con t a in ing immature e m b r y o s were sub jec ted to cold t r ea t -
ment p r io r to isolation (20 minutes in l iquid N2), and f r o m the embryos t h u s 
p re t r ea t ed , calli were induced in l iquid media. A cell suspension consis t ing 
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of ind iv idua l ctdls was p r e p a r e d by f i l t r a t i on , and f rom t h i s the p roembryos 
developed in a hanging d r o p culture. T h e n a 40-day i n c u b a t i o n followed on 
MS-basal solid media con ta in ing var ious combinat ions of naph tha lene -ace t i c 
acid, indole-3-acetic acid, 2 ,4-dichlorophenoxy-acet ic acid, benzyladenine a n d 
kinetin. On t h e surface of t h e callus t h e somatic e m b r y o s appeared in t h e 
0.2 mg/l benzyladenine and 0.01 mg/l indole-acetic acid t r ea tmen t s a n d in 
their combina t ions , respect ively. The p l a n t regenerat ion took place in a 
liquid cu l t u r e . More t h a n 1000 plants a n d a large n u m b e r of d i f f e ren t ly 
developed somat i c embryos per test t u b e were produced in 6 months . 
This m e t h o d tha t a p p e a r s efficient f r o m the s t andpo in t of regenera t ion , 
however, h a s no t been employed in r ecen t exper iments on t h e in vitro cell 
— plant s y s t e m , probably because of i ts compl ica ted n a t u r e . 
Ba rwa le et al. (1986a) used i m m a t u r e embryos of var ie t ies selected ou 
the basis of a so-called co ty ledonary-node-shoo t test (Ba rwa le et al. 1986h). 
They induced somatic e m b r y o s with naphtha lene-ace t ic acid ins tead of 2 ,4 -D. 
A parallel induc t ion of organogenesis was also successful. On t h e regenera t ing 
culture m e d i u m — with a 66 : 1 rat io combinat ion of benzyladenine a n d 
napht l ia leneace t ic acid — t h e y observed a shoot morphogenes is a f te r f o u r 
weeks. The eff ic iency of p l a n t regenerat ion was 65-100 p e r c e n t . 
H a m m a t t and Davey (1986) s tar ted an embryo cul ture f r o m p roembryos 
of late g lobular or early co ty ledonal stage of development . I n t h e cultures t h e 
following deve lopmen t a l t e rna t ives , d e p e n d i n g on the c u l t u r e medium, t h e 
genotype a n d t h e development level of t h e e m b r y o , were obse rved : 
— t h e e m b r y o s became callused; 
— t h e embryos cont inued developing, t h e n germina ted ; 
— t h e e m b r y o s p roduced secondary embryo ids (with 9 - 3 8 percent f re-
que nc y ) . 
In t h e advent i t ious e m b r y o s — as in t h e zygotic ones — germinat ion 
was p romoted b y exsiccation ( H a m m a t t and Davey 1986). The authors re-
commended t h e use of the i r me thod in p roduc ing and p ropaga t ing sexua l 
hybr ids of wi ld Glycine species and soybean. 
Lazzeri e t al. (1987a) compared var ious concent ra t ions of naph tha lene -
acetic acid a n d 2,4-D for t h e i r effect on s o m a t i c embryogenesis on the bas is 
of the resul ts of earlier p lan t regenera t ion exper iments Lazzer i et al. (1985). 
They found t h a t 2,4-D induced more s o m a t i c embryos t h a n naph tha lene -
acetic acid of t h e same concen t ra t ion , but e m b r y o abnormal i t ies (single cotyle-
don , fused e m b r y o , neomorph) were fewer in the naphtha lene-ace t ic acid 
t r e a t m e n t . T h e ra t io of no rmal and al tnormal embryos is i m p o r t a n t f rom t h e 
s t andpo in t of p l a n t regenerat ion, because i n t a c t plants can on ly be ob ta ined 
f r o m normal embryos . Lazzeri e t al. (1987h) consider the i n d u c t i o n to be t h e 
most critical p h a s e of the whole process; in t he i r opinion i t depends on t h e 
applied type a n d concentra t ion of auxin, and on t h e durat ion of the subcul ture . 
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The abscisic acid, which p l a y s an i m p o r t a n t role in the in vivo develop-
m e n t of the soybean embryo (Ackerson 1984a, b), ei ther was ineffect ive or it 
i nh ib i t ed the f o r m a t i o n of e m b r y o i d s , depending on the concen t ra t ion used. 
Cy tok in in (benzyladenine) in combina t ion w i t h auxin had a similar effect . 
Lazzcr i et al. (1987b), in their p a p e r concerning t h e effect of n u t r i t i v e , physical 
a n d chemical f ac to r s on the s o m a t i c embryogenesis , indicated t h a t the most 
c r i t ica l point of t h e soybean p l a n t regenerat ion, based on s o m a t i c embryo-
genesis , was to ensu re the n o r m a l development of the viable embryos , which 
was scarcely inf luenced by the composi t ion of t h e p lant regenera t ing med ium. 
W i t h naphtha lene-ace t ic acid induc t ion tha t caused the least abnormal i ty in 
t h e i r exper iments , a comparison of the 1.5; 3.0; 6.0 and 12.0 percent sugar 
concen t ra t ions showed the 1.5 p e r cent concent ra t ion of glucose and 3.0 per-
c e n t concent ra t ion of saccharose t o he the most favourable for embryogenesis . 
Recent examina t ions of exper imenta l p a r a m e t e r s of t h e induction of 
s o m a t i c embryos wi th normal morphology p r o v e t h a t increasing t h e efficiency 
of p l a n t regenerat ion is still an i m p o r t a n t t a sk (Har tweck et al . 1988, Lazzeri 
e t al. 1988, P a r r o t t et al. 1988), which may be promoted b y analyses of t h e 
chemica l composi t ion of deve lop ing somatic e m b r y o s (Shoemaker and H a m -
m o n d 1988). 
Finer (1988) was able to increase the ef f ic iency of somat ic embryogenesis 
s t a r t i n g from i m m a t u r e e m b r y o on a MS m e d i u m conta in ing 40 ing/1 2,4-D 
a n d 6 percent suga r . By light microscope examina t ions of soma t i c embryos , 
he found t ha t t h e y originated f r o m the ep idermal , and subep ide rma l layers of 
i m m a t u r e cotyledons . Varying e m b r i ó morphology, callus f o r m a t i o n and — ab-
o v e all — root d i f ferent ia t ion a r e reported b y N ó v á k et al. (1987). 
Two t y p e s of embryogen ic callus ( smooth and sh iny , or rough a n d 
opaque ) were observed on i m m a t u r e embryos , and pieces of hypocoty l and 
co ty ledon used as init ial ma te r i a l on a LS (Linsniaier and Skoog 1965) m e d i u m 
con ta in ing var ious concen t ra t ions of 2,4-D, I A A , BA and A B A (Ghazi et al. 
1986). P lant regenera t ion could be induced in t h e smooth a n d shiny embryo-
genic callus wi th zeatin and GA.( wi th 10-20 percen t f r e q u e n c y . 
The geno type dependence of somatic embryogenesis a n d p lan t regenera-
t i o n was a l ready determined b y t h e first successful plant regenera t ion exper i -
m e n t s (Ranch e t al. 1985, B a r w a l e et al. 1986). K o m a t s u d a and O h y a m a 
(1988) having examined 26 var ie t ies , proved t h a t the geno type made its ef fect 
f e l t in every i m p o r t a n t phase of t h e process: in t h e induct ion of embryogenesis . 
as well as in t h e development of t h e embryos and in their ge rmina t ing abi l i ty . 
T h e regenerat ion of the J a p a n e s e commercial soybean var ie t ies only except ion-
a l ly reached 3 percen t (1 of 6 varieties). T h e highest p lan t regenerat ion r a t e 
of 10 percent was obtained w i t h two selected embryogenic c u l t u r e of Glycine 
gracilis. 
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Morphogenesis in cultures of various vegetative organs 
T h e in vitro inicropropagation of soybean, a p l a n t species easy to pro-
paga te f rom seed, is of minor impor tance , hut the meris tem- or node cultures 
developed so far wi th t he purpose of p lant regenerat ion (Cheng et al. 1980, 
Saka e t al. 1980, Kar t l i a et al. 1981, Kameya and Widholm 1981) m a y be of 
use in propagat ing soybean lines produced by bioteclinological me thods (inter-
specific hybrids, p ro toplas t régénérants , t ransformed plants , somatic hybrids). 
Kimbal l and B ingham (1973) induced callus format ion in hypocotyi 
segments using Gamborg (1966) and Miller (1965) media supplemented with 
2,4-D naphthalene-acet ic acid and k ine t in . From hypoco ty i segments placed 
onto cu l ture media conta in ing indolc-3-acetic acid, coconut milk and kinetin 
calli ra re ly developed. T h e isolates swelled and f rom 35-90 percent of them, 
the roo t , f rom 1-8 percent , the shoot developed. T h e shoot morphogenesis 
usual ly was followed b y t he root generat ion. However, in cultures f i r s t regen-
era t ing the root, the shoot did not develop. Oswald e t al. (1977) induced calli 
f rom medial sections of the cotyledons of very young seedlings on a Phillips 
(1974) cul ture medium supplemented wi th 2,4-D and 2,4,5-T. From 3 percent 
of t he callus cultures, shoot buds were induced with 2,4-D and kinet in . On the 
other hand , at the beginning of the eighties K a m e y a and Widholm (1981) 
obta ined neither advent i t ious nor callus origin root- or shoot differentiat ion 
f r o m hypocoty i cultures of various Glycine species. 
F r o m the callus fo rmed on a solid L2 (Phillips a n d Collins 1979) medium 
from hypocoty i and epicotyl segments, a suspension cu l tu re was establ ished by 
Phillips and Collins (1981) with Glycine max and Glycine soja species. From 
the suspension the cells were re- t ransferred onto a solid medium a f t e r 1-18 
months . The L2 medium was supplemented with I A A , indole-butyric acid, 
a-NAA or 2,4-D for t h e sake of comparison effcct of auxin The eyto-
kinins adenine sulphate, kinetin, henzyladcnine and zea t in were added to the 
cul ture medium, which was supplemented with an t i aux ins (2,3,5-tri-iodo-
-benzoic acid, abscisic acid, g luta thon, gibberellic acid) and a gibherellin bio-
svn thesis inhibitor (2- isopropyl-4-dimethylamino-5-methylphenyl- l -piperi-
dine-carboxylate-methyl-chloride) . Somat ic embryos were successfully induced 
f rom all soybean genotypes examined. The number of embryos a n d their 
development stage (globular, heart) depended on the age of the cul tures , and 
the qua l i ty and concentra t ion of the regulators. On a solid culture medium 
(L2 -f- 0.45 — 2.25 /;M 2,4-D) even shoot development was observed. The 
" shoo t s " t h u s produced grew more leaves af ter the f i r s t t w o ones, hu t did not 
develop into whole p lan t s . The an t iaux ins and the gibherellin synthes is in-
hibitors, while s t imulat ing the root development , h a d no effect on shoot 
organogenesis. 
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E v a n s e t al. (1976) induced root d i f ferent ia t ion f r o m leaf tissue cal lus 
on a MS c u l t u r e medium, supplemented w i t h NAA and k inet in . Chang e t al. 
(1980) succeeded in regenera t ing soybean p lan t s from cotyldedonal s e g m e n t s 
wi th adven t i t i ous shoot d i f ferent ia t ions o n a B5 culture m e d i u m , supp lemen ted 
with indole -butyr ic acid a n d benzy laden ine . 
W i d h o l m and Rick (1983) were ab l e t o produce shoot deve lopment in 
calli induced f r o m hypocoty l - and co ty ledona l segments of Glycine canescens. 
A t t e n t i o n should be pa id to the expe r imen t s in wh ich the capab i l i t y of 
the co ty ledon node for mul t ip le shoot f o r m a t i o n was s t ud i ed in order to select 
genotypes in which the in vitro shoot morphogenesis is easier to i n d u c e and 
main ta in . Barwa le et al. (1986b) compared 155 Glycine max and 13 Glycine soja 
genotypes . A f t e r 4 weeks of incubat ion o n a B5 culture m e d i u m , in the cotyle-
don node of t h e plantlets , shoots vary ing in number d e p e n d i n g on the geno type , 
developed in response to 1—5 fi M benzyladenine . In t h e case of the Glycine max 
varieties, t h e number of shoots ranged be tween 2 and 11 on a culture m e d i u m 
conta in ing 1 /iM BA. and between I a n d 12 in response t o 5 pM BA. 
F r o m t h e genotypes 14 were se lec ted (Kerns et al . 1986) and p l aced in 
th ree g roups on the basis of average shoo t product ion: e i ther good (9 shoots 
or more), m e d i u m (5-8 shoots) or poor (4 shoots or less). Hypocoty l s egmen t s 
of p lan t l e t s cul tured u n d e r sterile condi t ions , or the a b a x i a l halves of cotyle-
dons, were placed onto a culture m e d i u m containing L2 salts (Phi l l ips and 
Collins 1979), B5 microelements , v i t a m i n s , as well as, 0.2 mg/l k i n e t i n and 
0.4 mg/l 2 ,4-D. From a callus deve loped in darkness during 3 5 - 4 0 days, 
suspension cultures were established in which 0.4 mg/ l 2,4-D was t h e only 
regula tor . T h e development of the s o m a t i c embryos w a s checked e v e r y week, 
and it was found t h a t t h e embryogenesis and the c a p a c i t y of t h e mul t ip le 
shoot f o r m a t i o n were in correlation. 
B a t h i a et al. (1985) induced adven t i t i ous shoots b y dropping benzyl-
adenine of 0.1 mg/l concent ra t ion on to cotyledons of several-day-old p lan t le t s , 
a f te r r e m o v i n g the e m b r y o axis. 
W r i g h t et al. (1986) succeeded in a t ta in ing regenera t ion f rom coty ledon 
node e x p i a n t s th rough de novo shoo t organogenesis, proven by histological 
examina t ions . Similar resul ts were r epor t ed by W r i g h t et al. (1987a) for 
epicotyls cul tured on a S H medium (Schenk and H i l d e b r a n d t 1972), supple-
mented w i t h 3-amino-pyridine, benzy laden ine and k i n e t i n . 
E x t r e m e l y promis ing is another p l a n t regenerat ion exper iment also car-
ried ou t b y Wright et al . (1987b). A f t e r cut t ing up p r i m a r y leaves of soybean 
p lant le ts longi tudinal ly (along the mid r ib ) , they p l aced the segments onto a 
CS23 c u l t u r e medium (Reynolds et al. 1982) containing 2,4,5- t r ichloro-phenoxy 
acetic ac id , glutaminc a n d adenin s u l p h a t e to produce cal lus. After f o u r weeks of 
incuba t ion , the shoot organogenesis w a s induced in a B5 medium conta in ing 
5 /лШ benzyladenine . T h e y were t h e n rooted on a hormone-f ree B 5 or MS 
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medium, w h e r e b y in vitro p l a n t s were o b t a i n e d with a f r e q u e n c y of 40-60 p e r -
cent . H a m m a t t e t al. (1987) succeeded in induc ing shoot organogenesis f r o m 
calli formed o n plant lets of Glycine species (G. canescens, G. falcata, G. latifolia, 
G. tabacina, G. tomentella). 
Somaclonal va r ia t ion 
Barwale a n d Widholm (1987) throw a qual i ta t ive ly n e w light upon t h e 
somatic embryogenesis . S t u d y i n g the factors inf luencing t h e p l a n t regenerat ion 
w a s no longer t h e aim in t h e i r work; t i s sue culture served to increase t h e 
genetic va r iab i l i ty . From 10 genotypes 263 p l a n t s were regenera ted , 153 of 
which were s t u d i e d over severa l generat ions, and among t h e m chlorophyll 
deficient , t o t a l l y or par t ia l ly sterile, wr inkled- leaved, twin-seeded, d w a r f 
va r i an t s were f o u n d . 
A small e x t e n t of somaclona l variabil i ty w a s also obse rved by Graybosch 
et al. (1987) in f ield expe r imen t s with s o y b e a n plants regenera ted with t h e 
m e t h o d of W r i g h t et al. (1986). 
I m p o r t a n t agronomical propert ies (nodu la t ion , yielding ability, res is t -
ance to cold a n d disease) were studied by Ance le t et al. (1988) in plants r e -
generated f r o m immatu re e m b r y o s of Maple Arrow and Hodgson var ie t ies . 
Androgenesis in v i t ro 
Ivers et al . (1974), in t h e i r experiment t o establish s o y b e a n anther cu l -
t u r e s , compared t h e deve lopmen t phases of t h e flower bud t o the stages of 
a n t h e r - and po l len deve lopment , and succeeded in indlucing calli from which , 
however , ne i ther embryos nor shoots developed. 
The first hap lo id ( 2 n = 2 0 ) p l a n t successfully produced in soybean a n t h e r 
c u l t u r e was r e p o r t e d by G u a n g c h u et al. (1980) of which an account is g iven 
in t h e summary wr i t t en by H i l d e b r a n d et al. (1986) on soybean . The a n t h e r s 
conta in ing mononuc lea r pollen gra ins developed calli on a mod i f i ed B5 cu l tu re 
m e d i u m . On а В5 medium con ta in ing gibbernllic acid and I A A , shoots a n d 
r o o t s di f ferent ia ted f rom the ca l lus . In anther c u l t u r e s tar ted f r o m 85 variet ies 
a n d f rom the Fj—F s generat ions derived by cross ing them. J i a n et al. (1986) 
f o u n d a genotype which regenera ted shoot, w i t h a 1 percent f r equency . In t h e 
case of the o the r genotypes, p l a n t s could no t b e regenerated f r o m the la rge 
n u m b e r of e m b r y o s developing f r o m the pollen cal lus. 
Acta Agronomica Hungarica 40, 1991 
B I O T E C H N O L O G Y F O R S O Y B E A N (GLYCINE MAX (L.) M E R R .) 2 2 7 
Callus culture 
The callus and cell suspension cultures of soybean are impor tan t objects 
for s tudying t h e processes of metabolism, physiology. The examinat ion of 
metabolism and of ecological, nutr i t ional and hormonal fac tors acting on t he 
cells has been one of the purposes of using in vitro cultures, as Haber l and t 
s t a ted at the ve ry beginning of t h e history of p l a n t tissue cul ture (Maróti 1976). 
Related with t h e callus cultures, a par t of t h e investigations was intended t o 
produce the cu l tu re itself, analysing the phys ica l and chemical factors in-
fluencing the callus induction and proliferation. The first s tep in these analyses 
M as the elaborat ion of the Miller (1961) cu l tu re medium, and t h e n Gamborg ' s 
B5 medium (Gamborg et al. 1968), which t o o k the nut r ien t demand of t h e 
root cells of soybean into consideration. The B5 cidture medium has ever since 
been widely used , not only in suspension cul tures , but also in solid cul tures . 
Hemphil l and Venketeswaran (1977) carr ied out exper iments to de termine 
the conditions required for t h e growth of green and chlorophyll-free soybean 
calli. Schwenk (1981) produced a soybean cal lus culture f rom the mesophyll 
of primary leaves by mechanical isolation. 
The cy tokin in bietest based on the g rowth of a soybean callus was f i r s t 
used by Miller (1968, 1972); since then th is me thod lias also been in t roduced 
into labora tory practices (Reiner t and Y e o m a n 1982). 
The g rowth of calli developing from cotyledon and hypocotyl segments 
(Newton et al. 1980) is great ly influenced b y t he zeatin, t h e synthet ic cy to-
kinins, and b y thymidine analogues (Wang 1979, Van Staden 1979, Van S taden 
and Hu t ton 1982, Palni et al. 1984, For sy th and Van Staden 1986). 
The soybean callus cu l tu re is highly impor t an t me thod in the field of 
application of t issue cul ture; in plant breeding and m u t a n t selection fo r 
herbicide, pes t and pathogene resistance. 
Gray et al. (1986) inocula ted pathogenic and non-pathogenic f i l t ra tes of 
Phialophora gregata, the pa thogen of brown s tem rot, in to calli of genotypes 
susceptible and resistant to t he disease. T h e experiment was suitable t o de-
termine the cal lus level resis tance of soybean, on the one h a n d , and the p a t h o -
geneticity of t h e fungus isolate, on the o ther . In contrast to t he soybean cal lus 
the tobacco callus gave no response to infec t ion by Phialophora gregata. By 
callus selection ethionine-resistant soybean lines were produced by Madison 
and Thompson (1988). Among the lines selected for ethyionine, types were 
found t h a t conta ined free methionine at h igher concentrat ions than were in 
the wild cell l ines (Greenberg et al. 1988). T h e examination of their homoser ine 
kinase- and threonine syn thase activity w a s intended to answer the ques t ions 
concerning t h e methionine synthesis. 
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Suspension culture 
The suspension and callus cul tures of soybean are fairly equa l in im-
portance in regard to the i r application: 
— determinat ion of t he nutr ient d e m a n d s of cell cul tures (Gamborg e t al. 
1968) 
— synchronizat ion of cell division (Constable et al. 1974) 
— determinat ion of metaboli tes , precursors (Moore 1977, Poulton and Krauer 
1977) and tracing of synthetic processes (Bevan and Nor thcote 1981, 
Eisenberg and Mascarenlias 1985, H e r b e r et al. 1988) 
— selection of nutr i t ional var iants (e.g. selection of slowly and rapidly grow-
ing soybean lines on maltose as a ca rbon source (Limberg et al. 1987) 
— s tudy of possibilities for mutan t isolat ion (Polacco 1979), deve lopment of 
herbicide resistance (Hyung-Yul Cho et al. 1986, Chowdhurv e t al. 
1986) 
— comparison of dry m a t t e r synthesis and photosynthet ic activity in chloro-
phyll-containing and chlorophyll-free cell suspensions (Kle rk -Kieber t et al. 
1981) 
measurment of enzime act ivi ty and s t u d y on enzime expression (Chiu and 
Shargool, 1979; Mat thews and Widholm, 1979; Havi r , 1981; Kochs et al. 
1987) 
— response to stress effects (Leguay et al. 1988). 
Owing to the ou t s t and ing role of auxins in the induction of somat ic 
embryogenesis, those suspension cul tures in which the 2,4-D metabol ism of 
soybean cells are studied deserve special a t ten t ion . Christ iansen (1985) t e r m s 
those cells embryogenic which to a def in i te stimulus, namely the reduc t ion of 
the level of synthet ic aux in , respond wi th somatic embryogenesis. 
Scheel and Sande rmann (1981) followed the metabol ism of rad ioac t ive 
(2-14C) and cyclically labelled (14C) 2,4-diclilorophenoxy-acetic acid in soybean 
and wheat cell suspensions. Through 60 a n d 25 cell cycles of the soybean and 
wheat suspensions, respectively, main ta ined for 8 years, t h e y determined the 
quant i ty of t h e demonst rable labelled 2,4-D. The main metaboli te f r ac t ion of 
the soybean suspension consisted of amino acid-2,4-D-, while tha t of the whea t 
suspension was composed of D-glucoside-2,4-D conjugates . In both suspensions 
new, unident i f ied water soluble metabol i te and conjugate , formed w i th low 
molecular weight protein, were also de tec ted . By fu r the r investigations Scheel 
and Sande rmann (1981) indicated tha t a p a r t of t he 2,4-D was cova len t ly 
linked with lignin, which is a possible m e t h o d of cell detoxificat ion. 
Steward (1958) produced somatic e m b r y o s from a car ro t cell suspension 
by decreasing t he concentra t ion of 2,4-D. As previously ment ioned, this m e t h o d 
has not p roduced a similar resul t from soybean . Montague et al. (1981a,b) h a d 
every reason t o suppose t h a t a comparison of carrot- and soybean cell suspen-
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sious for 2,4-D metabol ism would help iu unders t and ing t h e phenomenon . The 
larger p ropor t ion of t h e labelled 2,4-D xvas detectable in t h e form of amino 
acid c o n j u g a t e s in the s o y b e a n cells, a n d in a free s tate in t h e carrot suspension. 
In a 2 ,4-D-free medium t h e labelled c o m p o u n d was re leased at d i f ferent ra tes 
f rom t h e soybean- and c a r r o t cells p rev ious ly exposed t o t h e action of 2 ,4-D: 
from car ro t cells at a f a s t e r r a t e than f r o m soybean cells. T h e difference be tween 
the two species is ref lected b y the fac t t h a t 72 hours a f t e r the inoculat ion wi th 
2,4-D, nea r lv 90 per cen t of the 2,4-D was present in a f r ee s tate in t h e carrot 
cells, while in the soybean cells 34 per cen t of it xvas f o u n d free and 58 per cent 
in an a m i n o acid con juga t e . The re t en t ion of 2,4-D due t o i ts incorpora t ion into 
amino acid conjugates m a y prevent t h e morphogenesis in cell- and cal lus cul-
tures of soybean. 
T h e cytokinins i n h i b i t the c o n j u g a t i o n between 2 ,4-D and a m i n o acids 
(Montague et al. 1981b). The t r e a t m e n t of soybean cells with su i tab le con-
cen t ra t ions of kinetin r e su l t ed in a 2 ,4-D metabolism resembl ing the one in the 
embryogenic carrot cells. Nevertheless , morphogenesis could not he observed 
in these soybean suspensions ; t ha t is, t h e 2,4-D r e t en t i on must lie a sole reason 
for t h e unfavourab le phenomenon . I n t h e case of w o o d y plants t h e inhib i t ion 
of somat ic emdryogenesis is explained b y the f o r m a t i o n and toxic e f fec t of 
po lyamines too (Litz a n d Schäfer 1986). 
Protoplas t culture 
Foxvke et al. (1974) xvere the f i r s t t o s tudy t h e mitosis of p ro top las t s 
and cells isolated f r o m cell suspension. Hauke and N o r t h c o t e (1974) exami-
ned t h e cell-xvall regenera t ion of p ro top las t s produced f r o m a soybean callus. 
Pect ine present in t h e cu l tu re med ium did not i n c o r p o r a t e into the cell-xvall 
dur ing 40 hours of cult ur ing. The biosynthesis of polysacchar ides was investi-
gated b y Klein et al. (1981) in an ea r ly phase of cell-xvall regenerat ion in proto-
plas ts obta ined f rom a cell suspension. 
Pro toplas t s were isolated f rom var ious tissues of soybean: f r o m root no-
dule (Gresshoff and Ro l f e 1978), roo t s of seedlings ( K u et al. 1982), mesophyl l 
(Schxvenk et al. 1981), cotylendous of immature or m a t u r e seeds ( K a o et al. 
1981, L u et al. 1983), a n d from a suspension of h y p o c o t y l origin (Chovvdhury 
and Widho lm 1985). 
Zieg and Outka (1980) t rea ted petioles, co ty ledons , shoot t ips a n d pods 
wi th enzyme mix tures . The best resu l t xvas obtained f r o m pod t issue (5 X 10ft 
pro top la s t s (ml). The protoplas ts regenera ted their cell-walls began dividing 
and fo rmed calli f r o m which roots m a y even deve lop under su i t ab le condi-
t ions. X u et al. (1982) on ly observed rhizogenesis in p ro top las t cu l tu res of root 
t ip or igin. 
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Lu et al. (1983) p roduced protoplast popula t ions c a p a b l e of division b y 
t r ea t ing seedlings and i m m a t u r e seeds wi th enzymes. T h e new methods of 
protoplas t cu l tu re which p r o m o t e d the deve lopmen t of a p l a n t — protoplast — 
p lan t sys tem were described b y Tricoli et al. (1986). A plant regenerat ion f r o m 
protoplas ts of wild soybean species was f i r s t solved by Newel l and Lu (1985). 
f r o m hypoco ty l protoplasts of Glycine canescens t hey ob t a ined calli capable of 
morphogenesis , though with low f requency, f r o m which t h e y regenerated whole 
p lan t s . F rom Glycine clandesti na and G. canescens H a m m a t t e t al. (1987) p ro-
duced in vitro p lan ts of p r o t o p l a s t origin. Gamborg et a l . (1983) obta ined 
embryo-l ike s t ruc tu res f rom p ro top l a s t s of t h e species Glycine soja and Glycine 
tabacina. 
Wei and X u (1988) i so la ted protoplas ts f r o m immatu re embryos of com-
mercial soybean varieties us ing Onozuka R 10, hemicellulase and macerozyme 
10 enzyme mix tu re s . In t h e K l ' 8 cul ture m e d i u m (Kao 1977) containing 
0.2 mg/1 2,4-D. 1 mg 1 NAA a n d 0.5 mg zeat in t h e protoplas ts kep t in darkness 
began dividing and formet! cal l i . From t h e calli on a r egenera t ive cu l ture 
med ium (MS sal ts and B5 s u p p l e m e n t s - f O . 5 - 2 mg/1 2,4-D or N A A + 0 . 1 -
0.5 mg/1 BA) a compact and nodu la r callus was formed w h i c h , on a cul ture 
m e d i u m con ta in ing 0.15 mg/1 N A A , 0.5 mg/1 R A . kinetin a n d zeatin as well 
as 500 mg/1 caséine hydro lysa te , developed shoots . From 4 var ie t ies they re-
generated a t o t a l of 87 p lan ts . 
Somat ic hybrids 
S imul taneous ly with t h e es tab l i shment of protoplast cu l tu res , a fusion 
t echn ique was appl ied to soybean tissue cul tures . The s p o n t a n e o u s interfusion 
of soybean p ro top las t s , as well as the f o r m a t i o n and mi to t i c behaviour of 
mul t inuc lear p ro top las t s , were s t ud i ed bv Miller e t al. as early a s 1971. 
Fusion was brought a b o u t between p ro top l a s t s of ba r l ey , pea, tobacco 
species, colehicum, white clover, r ice, lucerne and soybean ( K a o a n d Michayluk 
1974, Constahel et al. 1976, F o w k e et al. 1976, Niizeki and K i t a 1981, Dudi t s 
1982, Kao and Saleem 1986). T h e products of fus ion divided a n d remained 
a l ive for some d a y s or occasionally for several m o n t h s . 
S tudying chromosomes of Nicotiana glauca — soybean he te rokarvons 
K a o (1977) observed anaphase br idges , f o r m a t i o n of ex t remely long chromo-
somes , ring chromosomes and f r a g m e n t s dur ing t h e process of divis ion. 
Despite some aberrat ions, chromosomes of b o t h par tners could he found 
in t h e hybrid cells even after 6 m o n t h s . 
In the p a t t e r n of somatic h y b r i d s of Nicotiana — soybean W e t t e r (1977) 
st i l l d< îtected b a n d s character is t ic f o r bo th pa ren t s a f t e r eight m o n t h s . 
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Genetic engineering 
The u p t a k e of foreign plasmid-DNA was accomplished at the beginning of 
the eighties wi th soybean protoplasts i sola ted from synchronized cell suspen-
sions (Cress 1982). 
To produce t r ans fo rmed plant cells, permeable protoplasts are requ i red 
for in t roduc ing the donor DNA molecule. The necessary permeabil i ty can be 
achieved ei ther by chemical (Saleem a n d Cutler 1986) or by physical (Cutler 
and Saleem 1987) methods . 
Lin et al. (1987) in t roduced p lasmid-DNA into pro top las t s freshly isolated 
from i m m a t u r e embryo cotyledons us ing polyethylene-glycol and -electropho-
resis techniques . The presence of stable t ransformâtes w a s suggested b y t h e fact 
tha t t he act ivi ty of chloramphenicol-acetyl- t ransferase (CAT) or iginat ing 
from the plasmid could lie demonst ra ted even in a 40-day callus c u l t u r e . 
Chris tou et al. (1987) achieved a root development from the soybean 
callus fo rmed from s tab le t ransformed cells (kamanicin resistant, possessing 
aminoglycosid-3-phosphotransferase ac t iv i ty) obtained by electroporat ion. 
I n a new method of introducing foreign DNA, tungs ten or gold particles 
are coated with DNA molecules or p lasmids , which pe rmea te the cell-wall. In 
this w a y t he callus level t ransformat ion , even of p l a n t species d i f f icul t to re-
generate f r o m protoplas ts , is possible. Christou et al. (1988) bombarded 4 - 8 mm 
zygotic soybean embryo with gold par t ic les of 1 -5 p m diameter c o a t e d with 
plasmid (pCMC 1022). Immedia te ly a f t e r th is t r ea tment with the microparticles, 
they carr ied out a p ro top las t isolation. B y neomycin phosphot ransferase (NPT) 
ac t iv i ty determinat ion and Southern-hybridizat ion, t h e y demons t ra t ed tha t 
the plasmid DNA incorporated in t h e soybean genom. They failed t o regene-
rate p l a n t s f rom pro top las t s isolated f r o m the t r ans fo rmed soybean cells. 
Of t h e use of Agrobacterium tumefciciens as a t ransformat ion vec tor in 
the suspensions of soybean protoplas ts regenerating cell-walls, a description 
was supplied by Baldes et al. (1987). T h e y proved t h e expression of t h e T-DNA 
gene b y t h e kanamycin resistance of t h e cells and w i t h molecular m e t h o d s , and 
found t h a t the soybean belonged to t h o s e plant species t ha t are e a sy t o trans-
form b u t difficult t o regenerate. 
Hinchee et al. (1988) produced t ransgenic soybean plants by Agrobacterium 
mediation. The odd t h i n g about the m e t h o d is tha t t h e t rans format ion was carri-
ed out in di f ferent ia ted tissue on t h e cotyledon, and n o t in cell-, callus- or proto-
plast cul tures . From cotyledons infected withAgrobacterium they ob t a ined trans-
formed p lan ts by shoot multiplication w i th BA; 3-4 m o n t h s after the inoculation, 
the t ransformed p l a n t s possessed k a n a m y c i n (NPT) or glyphosate resistance 
( E P S P ) and glucuronidase (GUS) a c t i v i t y as the proof of the gene inser t ion (6 per 
cent of t h e plants examined) . In the p r o g e n y of these p l a n t s a 3:1 Mendel ian segre-
gat ion ra t io was discovered for g lyphosa te tolerance or kanamycin res is tance. 
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Summary 
Owing to i t s economic i m p o r t a n c e the soybean h a s been an ob jec t of plant tissue cn l -
tu r ing since the s ix t ies , The efforts t o develop a p lan t -ce l l -p lan t system achieved the f i rs t suc-
cesses of plant r egene ra t ion in 1985. T h e maior l abora to r i e s , howev er, a re still striving to in-
crease the eff ic iency of regeneration. I t is a promising f ac t tha t the p rob l em of transgenic p ro -
duc t ion of soybean has been solved b y carrying out t issue-level rather t h a n cell-evel t r a n s f o r -
ma t ions . 
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Introduction 
The apple, Malus domestica (Rosaceae), is one of the mos t impor tan t of 
f ru i t species in t h e world. I t is widely a d a p t e d and is g rown in t e m p e r a t e 
regions tha t h a v e a distinct cold period (37). 
Malus pumila (M. sylvestris, M. communis, Pyrus malus) embraces 
most of the cultiv ated frui t apples (36). Wi ld or crab apples, Malus sylvestris 
were widespread many t housands of years ago in the forests of Asia minor, t h e 
Caucasus, Pers ia , Armenia a n d Kurdis tan a n d occurred t h r o u g h o u t most coun-
tr ies of Europe . Several Malus species, wh ich are still f o u n d in the app le 
forests of the Caucasus, p layed an impor tan t par t in giving rise both t o ou r 
cul t ivated fo rms and the t y p e s used widely as rootstocks (65). 
World-wide apple p roduc t ion a m o u n t s to some 40,923 million t o n s 
annually. Eu rope is the lead ing apple growing-cont inent . France 2,650,000, 
I ta ly 2,080.000 and Germany F R 2,180,000 are the leading European app le 
producing countr ies (FAO, Yearbook , 1987). 
In vivo-propagation methods 
Apple t rees for commercial orchards a re propagated b y grafting selected 
cult ivars onto seedling roo ts tocks raised e i ther by stooling/layering, or pro-
pagated clonally (e.g., dwar f ing rootstocks) (10, 42). 
T-budding as well as ch ip budding are frequently u sed methods, t h o u g h 
t h e y demand expensive nu r se ry facilities. 
Root -graf t ing is usual ly used as whole-root grafts. Propagat ion of cul-
t ivars by hardwood cutt ings, with the excep t ion of cer ta in clonal roots tocks , 
is seldom used (25). 
Softwood cuttings can be rooted u n d e r mist, t h o u g h th is method is no t 
used commercial ly (25). M o u n d layering is also a common method of ob ta in ing 
clonal roots tocks for apple (26, 88). 
The d i f f icul ty of p ropaga t ing the scion cultivars b y tradit ional m e t h o d s 
has precluded the product ion of self-rooted trees. Clonal rootstocks have 
therefore been regarded as essential for ease of propagat ion and control of t ree 
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size. The possibil i ty of self-rooted dwarf apple trees n o w appears t o mer i t re-
considerat ions (41, 43). 
H o w e v e r , the p r o p a g a t i o n and es tab l i shment of t h e rootstock, b u d d i n g 
or graf t ing w i th the scion a n d growing-on t o form a 1- or 2-year old t r e e in the 
nursery a re lengthy and increasingly expens ive p rocedure . Thus, t h e m e t h o d s 
of reducing t r e e costs h a v e become of considerably i m p o r t a n t (83). As bo th 
scion cu l t i va r s (40) and roo t s tocks (39) r ead i ly respond t o in vitro t echn iques , 
these m e t h o d s have gained increasing impor t ance . 
Role of in vitro methods in t h e propagation of apple 
The a p p l e is one of t h e first w o o d y plants for w h i c h successful resul ts 
were o b t a i n e d with micropropagat ion t echn iques (14, 59, 61, 94). I n 1971, 
Abbot t o b t a i n e d callus f r o m stem segmen t s and from s h o o t apices. Howeve r , 
it was n o t u n t i l 1976 t h a t ABBOTT a n d W H I T E L E Y (I ) succeeded in re-
generat ing a complete p l a n t f rom shoot apices taken f r o m green-house-grown 
seedlings (1). Since t hen , o the r s have descr ibed mer i s t em and shoot apical 
culture of severa l roots tocks , such as N o r t h e r n Spy (35), M.7 (87), M.26 (11, 
39, 12, 58) a n d EMLA-27 (9, 58, 60), MM 106 (5, 13) a n d MM.104 (13, 20, 60). 
The mic ropropaga t ion of both roo t s tocks and f r u i t i n g cultivars is possible 
with careful a t t e n t ion to t h e requi rements of t h e various s t ages of deve lopment . 
Cul tures of vegetative plant parts 
Meristem-tip culture 
Meris tem-t ip culture h a s recently b e c o m e an i m p o r t a n t technique, pa r -
t icularly w i t h vegeta t ive ly-propagated species, e.g. app l e s . This t e c h n i q u e , 
valuable for r a p i d clonal mul t ip l ica t ion of selected cu l t ivars , is also used fo r : 
— p r o d u c i n g virus-free p lants , 
— in t e rna t iona l e x c h a n g e of disease-free plants, 
— b reed ing funct ions, e.g. germplasm (49). 
The pr inc ip le of the m e t h o d is t h a t apple mer i s tem t ips are d issec ted 
f r o m lateral b u d s of either activ e or d o r m a n t shoots and a r e established on a 
medium t h a t includes t h e Lepoivre macronu t r i en t s , Murash ige and Skoog 
(MS) mic ronu t r i en t s (56) a n d t h e vi tamins of Walkey (80). Once the e x p i a n t 
shows leaf expans ion and s h o o t elongation, it is t ransfe r red t o a pro l i fe ra t ion 
medium t h a t con ta ins higher concent ra t ions of minerals and growth regu la to rs . 
Dur ing prol i fera t ion , the t i s sue is subdivided a n d t ransfer red t o a fresh m e d i u m 
a t specific in te rva l s , usual ly 3 - 4 weeks. Cul tures are subd iv ided n u m e r o u s 
t imes to p rov ide propagules f o r rooting a n d 1 - 2 cm long shoo t s are col lected 
f r o m prol i fera t ing cultures f o r th is purpose (6). 
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Shoot-tip culture 
The shoot- t ip culture is a widely used t i ssue culture m e t h o d also for re-
covering pathogen-f ree plants. T h e expiants r a n g e in size f rom 0.1 mm to 2 m m 
long stem tips. T h e expiant m a y be all or in p a r t an apical or lateral growing 
point of a stem or a stem section wi th several nodes . After su r face sterilization 
the apical 3 -5 m m of the shoot t i p is dissected and placed vertically on L S 
medium supplemented with growth regulators (5 pM BAP, 1 /iM IBA a n d 
1 pM PG). Following shoot proliferation roo t ing can be read i ly induced w i th 
TBA, though sal t concentrat ion and physical properties of t h e medium also 
influence both root initiation and growth. R o o t e d plant le ts are t ransfer red 
ei ther to vermicul i te : perlite (1:1) or to pea tmoss : coarse s and (1:3), and k e p t 
in a shaded glasshouse under mist (5 sec every 15 min.) for 2 weeks and t h e r 
t ransferred to t h e greenhouse bench (17, 28). 
In vitro micrografting 
The p r i m a r y use of this technique is t o produce virus-, viroid-, or m y c o -
plasma-free woody plant mater ia l , especially in the case of species or var ie t ies 
t h a t do not easily regenerate shoots/roots th rough shoot- t ip culture. T h e 
method has been successfully used to recover pathogen-free Malus and Prunus 
jdants (25). 
In pract ice, the shoot- t ip is grafted o n t o an in vitro grown roots tock 
seedling. The roots tock must be free of infection which means t h a t the pa thogen 
is not t r ansmi t t ed through t he seed. The seeds are germinated aseptically a n d 
graft ing is also done aseptically when the seedling is at leas t 2 -3 weeks old 
(25, 77). The method seems to have re levant advantages in the case of t h e 
apple stem grooving virus (SGY), an apple disease that is n o t eliminated b y 
the rmotherapy . Most cult ivars of apple infected with SGV show no s y m p t o m s . 
So, the in vi t ro micrograft ing of apple shoot t i p s is suggested as a technique t o 
produce virus-free plants f r o m some exp ian t s of infected cultivars, cu l tu red 
shoots of which are difficult t o root (27). 
Callus culture 
An apple callus can usua l ly be produced from any dif ferent ia ted s t r u c -
tu re (e.g., leaf, s tem, root). Once produced, t h e callus can be grown ei ther as 
large, multicellular masses on solid media, or as small cell aggregates in r o t a t e d 
liquid media. T h e undif ferent ia ted callus can be s t imula ted into p roduc ing 
differential s t ruc tures which eventual ly develop into a shoot (55, 23). 
The callus induction f r o m stem segmen t s of in vitro cultured a p p l e 
shoots has been reported a possibility in t h e case of the cu l t iva r "Akero" . T h e 
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MS m e d i u m (56) con t a ined different concen t ra t ions of macronu t r i en t s , auxin 
(IBA) a n d cytokinin (13AP). Callus i n d u c t i o n took p lace when using t w o con-
cent ra t ions of macro-nu t r i en t s , full s t r e n g t h and half s t r eng th in combina t ion 
with 0, 0 .1, 1.5 mg/1 of I B A and B A P . Six weeks a f t e r t ransfer r ing t h e callus 
to media w i t h o u t IBA, green nodular cell aggregates were found in a n u m b e r 
of calli. A f t e r t ransfer r ing t h e callus t o f r e s h medium a n d a fur ther 7 weeks of 
g r o w t h , f a r t h e r shoots were formed f r o m previously observed nodu l e s (20, 
23, 67, 82) . 
Organogenesis in callus of stem and leaf origin 
T h e cal lus fo rma t ion f rom stem in te rnodes of a p p l e rootstocks " M . 9 " , 
"M.25", " M . 2 6 " , " M . 2 7 " was ini t iated on 4 NAA-based media (2 -10 mg/1). 
Transfer t o media lacking N A A allowed t h e shoot regenera t ion with t h e excep-
tion of t h e variet ies " M . 9 " and "M.26" . Organogenesis w a s also o b t a i n e d f rom 
leaf discs of "M.27" e m p l o y i n g BAP at 5 mg/1 and 2 ,4 -D at 0.1 mg/1. T h e re-
generated shoots were subsequent ly mul t ip l ied and roo ted . Organogenesis 
also occurred in "M.26" f r o m small ( 1 - 2 mm), green, compac t , embrioid- l ike 
s t ructures der ived f r o m s t e m and leaf surfaces of excised axillary shoots . 
These s t r u c t u r e s d i f fe ren t i a ted into s h o o t s at a low f requency ( < 1 % ) on 
media con t a in ing B A P (1 mg/1) and I B A (0.1 mg/1) a n d could also be micro-
propaga ted b y subsequent axillary shoot proliferat ion (34, 86). 
Plant regeneration from callus of root origin 
Callus was in i t ia ted in vitro f r o m t h e roots of i n t a c t in icropropagated 
plantlets of t h e apple roo t s tock "M.25" a n d from t h e excised roots of such 
plantlets. S h o o t s or ig ina t ing directly f r o m the callus or f rom the embr io id -
like s t r u c t u r e s have been dissected to p r o d u c e p lan ts f o r evaluat ion in the 
field (42). 
Protoplast culture 
The p ro top la s t t echno logy might b e useful for t h e solution of p r ac t i ca l 
problems involv ing apple cultivai ' i m p r o v e m e n t . The t r a n s f e r of disease re-
sistance a n d o the r t rai ts v i a protoplas t f u s i o n may be of va lue once the t echn ica l 
problems of p ro top las t i so la t ion and regenera t ion are so lved . Protoplas ts could 
be successfully isolated a n d cultured f r o m callus and suspension c u l t u r e s of 
Malus domestica cv. Jonathan. Fo rma t ion of embryo-l ike s t ructures w a s in-
duced f r o m t h e protoplas t -der ived callus on media supp lemen ted w i t h I A A 
and BA. T h e s e s t ructures f o r m e d roots b u t p l a n t s failed t o develop. P r o t o p l a s t s 
could be i so la t ed from leaves h u t not f r o m s tems or pet ioles . Protoplas ts f r o m 
Acta Agronomica Hungarica 40, 1991 
A S P E C T S OF T H E IN I I T R O TECHNOLOGY O F A P P L E (MALUS SP.) 2 4 1 
t he f ru i t p a r a n c h y m a of "Golden Delicious" was used in character iz ing ethylene 
product ion. Pro top las t s of cotyledon origin were used in the s t u d y of the role 
and localization of sorbitol dehydrogenase (45). 
Cultures of generative plant parts 
Anther culture 
Anther cu l ture techniques h a v e been used t o s tudy the process of micro-
spore development and to produce haploid callus or plantlets or bo th (75). B y 
obta in ing haploid plants and t h e n doubling t h e chromosome n u m b e r , it is re-
lat ively easy to produce pure l ines for detailed genetic invest igat ions, as well 
as for the heterosis breeding of apple . As cited b y Milewska, t h e f i r s t studies on 
t h e in vitro cu l tur ing of apple a n t h e r s with the a im of obtaining haploid forms 
were carried ou t in Japan (57). 
Anthers of Malus domestica cv. Jonathan were cultured on a modified 
MS medium (1962). After few weeks of cu l tur ing globular 32 and 64 celled 
embryoids were obtained f rom t h e uninucleate microspores. Globular embroids 
obtained f rom pollen grains were raised to green torpedo e m b r y o s , at taining a 
length of 3 m m af te r 10 weeks cul ture . During t he culturing of anthers in dif-
fe ren t stages of development ( te t rade, uninuclear microspora, two-nuclear 
microspora) it was s tated tha t cal lus tissue developed from t h e walls of anthers , 
in t he microspora stage. This green tissue, somet imes colored b y anthocyanine, 
had a very dense consistency. T h e Japanese researchers also obtained roo ts 
f r o m callus (57). 
Fruit tissue culture 
The f ru i t t issue from a wide variety of species has been successfully cul-
tu red in vi tro. In addition to t h e most obvious advantages of minimizing un-
defined variables, f rui t tissue cu l tures also provide exper imental p lant mater ia l 
on a cont inuous ra ther than seasonal basis. Th i s method is of interest also as a 
model system in the study of f ru i t cell surface relationships. Also cell separa-
t ion and tissue dissociation in s i tu are involved in apple t e x t u r e changes w i t h 
reduced s torage life and marke t qual i ty. The f i r s t successful in vitro culture of 
apple-frui t t issue was carried ou t by L e t h a m (53). Exp ian t s of apple ( M a l u s 
domestica Borkh.) fruit cor tex were used t o establish tissue cul tures of " L o d i 
Golden Delicious" and "York Imper i a l " harves ted at various s tages of m a t u r i t y . 
Cell division a n d initial callus formation occurred in all cases and was n o t 
affected by f ru i t age. Visible calli appeared 8 t o 10 days a f t e r t h e expiant was 
t ransferred to t he culture m e d i u m (81). 
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Morphogenesis in embryonic tissue cultures 
Advent ious roo t s , shoots, and embryos were formed in app le , Malus 
pumila cvs Phiriki a n d Golden Delicious embryonic tissues cu l tu red under 
light a n d a t 25 °C on a modif ied MS m e d i u m in t h e presence of va r ious growth 
regu la tors or combina t ions of them. Of t h e different p a r t s of the e m b r y o tissue, 
the pe t io le of the c o t y l e d o n was mos t responsive in morphogenesis . T h e initia-
t ion of shoots and roo t s was localized a t t h e petiole of t h e cotyledon. Adven t ious 
shoots, w h e n t rans fe r red to the s a m e medium c o n t a i n i n g 2 mg/1 I A A , rooted 
and f o r m e d plantlets (66). In 1977 L e v i and Marót i (54) reported t h a t green 
callus t i ssues of apple (Malus domest ica cv. J o n a t h a n ) h a d been o b t a i n e d from 
the co ty ledons , the r o o t and shoot meris tems, t h e y o u n g leaves a n d stems. 
These cu l tu res cau be u s e d in the s t u d y of embryogenesis as well as t o inves t iga te 
the e f f ec t s of different mate r ia l s (p lant g rowth regula tors , mutagenes, herbicides 
in the app le tissue c u l t u r e (54). 
Current research on micropropagation of Malus sp. and problems 
Most of the r e c e n t research on apple has c o n c e n t r a t e d on opt imiz ing 
micropropagat ion of sc ion cultivars a n d rootstocks a n d on the field eva lua t ion 
of t issue cul tured p l an t s . Some of the m a i n considerat ions are as fol lows: 
— Medium. The cu l tu re m e d i u m mus t be su i t ab l e both iu i ts chemical 
composi t ion and phys ica l qualities. Var ious basic-media have been developed, 
some of t h e m are l isted b y Broome a n d Z i m m e r m a n n (6). As a rule t h e Mura-
sh ige-Skoog (1962) m e d i u m has been widely used w i t h modif icat ions accord-
ing to var ie t ies (77). T h e root ing of in v i t r o plant lets c a n be achieved e i the r by 
in v i t ro or in vivo t e c h n i q u e s (73). Cer t a in varieties e.g. " G r a n n y S m i t h " prefer 
a l iquid medium, w h e r e a s other species can be r o o t e d more easily on solid 
media . According to c e r t a i n authors r o o t i n g can t a k e p lace also in per l i t e (69). 
T h e p H of a n u t r i e n t medium is also a critical f a c t o r . In general i ts value 
ranges be tween 5.5-6.2 (77). 
— Use of antibiotics. Con tamina t ion will a lways be a major p rob l em in 
stage-I cu l tu res if e x p i a n t s are ob ta ined f r o m trees in t h e field. Therefore , the 
p r imary a im in micropropagat ion is t o ob ta in or p r o d u c e pa thogen- f ree stock 
plants . W i t h this in m i n d , antibiot ics h a v e been incorpora ted in to cul ture 
media t o rid expiants of con t amina t ions . However, such studies ind ica ted t h a t 
the an t ib io t i cs were bac t er iostat ic and n o t bacteriocidal (24). The mos t t rouble -
some p r o b l e m is caused b y endogenous bacterial con t amina t i ons so t h a t in 
most cases t h e large scale bacterial con tamina t ion is n o t a consequence of in-
appropr i a t e techniques (15). Certain researchers hold t h e opinion t h a t b y using 
the "class ical an t ib io t ics" i t is not possible t o rid the e x p i a n t s of those bac te r ia 
(2). Recen t ly , the new p r o d u c t s " A l c i d e " and " I n c y t e " h a v e been r e p o r t e d to 
have bacter iocidal e f fec t s (24). An a l t e rna t i ve to u s i n g antibiotics is t o en-
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Table I 
Survey of the in vitro propagation methods of apple 
Mode of 
Reference Variety of scion /rootstock Age E x p i a n t propagation 
Malus sylvestris S + A ST A X B С ( I ) 
"Cox orange p i p p i n " M. 26, M. 27, 
MM 106 A ST A X B (5) 
E M L A 25 (Roots tock) A ST + A X B -I С A X B (9) 
Golden and Starking Delicious -+-
4 of their m u t a n t s (Yellow Spur, 
Auvil Spur, Red Spur , Well Spur) . A A X B (8) 
Nor the rn Spy A + S A X B A X B ! AdvB (18) 
M. domestica Borkh. cv. Jonagold A MT A X B (16) 
Ornamenta l I N R A Malus X P E R P E T U 
E V E R E S T E A ST A X B (17) 
Golden Delicious S m Im ernbr. (19) 
Golden Delicious, Yellow Spur, s t a rk 
Spur Golden A ST A X B (21) 
M. domestica. cv. Akero S SS С (20) 
M. 9 (Rootstock) A ST A X B (29, 30) 
Nor the rn Spy A ST A X B (35) 
M. 9, M. 25, M. 26, M. 27. — SI + L D С (34) 
M. 26 (Rootstock) A ST A X B (39) 
Mailing Kent , M. S u n t u n , James 
Grieve, Coxs Orange Pippin, and 
Golden Delicious A ST A X B (40) 
M. 25 — 11 С (42) 
Red Spur and Gold Spur A ST A X B (43) 
Ougnoe, Chernomorskoe letneey A ST A X B (44) 
Red Delicious S Cs С (46) 
M. domestica Borkh . Mcintosh S + A ST A X B (49) 
Mac Spur and Delicious (Haroldred) 
M. 27, M. 9, M. 26, MM. I l l , 
Macspur. A ST A X B (51) 
M. Domestica B o r k h cv. Mcintosh, 
(Summerland Red Mcintosh, M a c s p u r 
and Mcintosh Wi j c ik . A ST A X B (50) 
Golden Delicious — Is + es -f- h С (55) 
MM. 104, M. 26, M. 27, and S t a r k s p u r 
the scion cul t ivar A ST A X B (60) 
M. 4 (M. Pumila Mill) rootstock A ST A X B (61) 
O t t awa 3 apple roo ts tock A ST A X B (62) 
M. Pumila cvs. Ph i r ik i and Golden 
Delicious Seed E T С (66) 
(Malus Sp.) MM 104, MM. 106, 
MM. 109 A ST A X B (28) 
Granny Smith A A X B A X B (69) 
J o n a t h a n and Delicious A ST A X B (70) 
Craliapple (M. spp. ) cultivars A ST A X B (71) 
M. domestica B o r k h . cv. An tonovka Seed E A + Cs С (68) 
Antonovka 313 (M. Pumila Mill) 
(rootstock) A 
— 
A X B (76) 
16* Acta Agronomica Hungarica 40, 1991 
2 4 4 A. M. A. K A D E R et al. 
V a r i e t y of scion/rootatock A g e Expiant 
Mode of 
propagation Reference 
M. Sylvestr is Mill cv. M c i n t o s h S MB A X B (80) 
M. domes t ica Borkh. Lodi, Golden — FC С (81) 
Delicious, Y o r k Imperial. 
A2 ( roo t s tock) A + S A X B A X B (84) 
M. 7 ( roo t s tock) A ST A X B (87) 
Akero, M c i n t o s h , Mcintosh Wi jc ik , 
Grevens te in and M. 26 A Is AdB + С (86) 
M. domes t ica Borkh. cvs. E m p i r e 
Mcin tosh , Delicious, Triple red A ST A X B (89) 
Delicious a n d Vermont Spur Delicious 
17 apple (M. Sylvestris Mill) 
cult ivars A ST A X B (91) 
(M. domes t ica Borkh), Delicious and 
its s t ra ins A ST A X B (92) 
f l apple cu l t iva r s (see the original 
source) A ST A X B (93,94) 
Abbreviations : 
A = a d u l t plant 
A X B = axillary b r anch ing 
С = shoo t different iat ion f rom callus: 
A d v B = adventit ious b u d formation: 
es = cotyledone segment 
E A = embryonic axis 
E T = embryonic t issue 
Is = leaf segment 
EC = F r u i t cortex 
H = hypocoty l 
L D == leaf disc 
MB meristems f rom b u d s 
m h n = micropylar ha lves of the nucellus 
R = r o o t s 
S = seedling 
SI = s t e m internodes 
SS = s t e m segment 
ST = shoot tip 
courage t h e rapid growth of shoots w i t h t h e objective of producing bac te r ia -
free shoot t i p s (93). Condi t ions f avour ing rap id shoot elongat ion, (e.g., a low 
concen t ra t ion of cytokinin in the m e d i u m and dark incuba t ion) m a y p r o m o t e 
t h e f o r m a t i o n of suitable shoo t tips (5 m m or less in l eng th ) for excis ion and 
fu r the r c u l t u r e (2). 
— Root induction by phenolics. M a n y of the r ecen t studies on in v i t ro 
p ropaga t ion of apple concen t ra t ed on t h e use phenolic root ing co fac to r s to 
improve roo t ing . Of the m a n y phenolics s tud ied , the m o s t controvers ia l is t he 
effect iveness of Phloroglucinol (PG). P G h a s s t imulated roo t ing of s o m e apple 
roots tocks a n d cultivars whi le having n o effect on o the r s . PG has also been 
shown to r e d u c e the per iod for IAA- a n d IBA-induced root in i t ia t ion . The 
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effect of P G was f i rs t d e m o n s t r a t e d on shoot proliferat ion b y Jones (38) fo r 
" M . 7 " and " M . 2 6 " rootstocks. O the r s found n o advan tage (28) whereas o the r s 
repor ted on t h e growth inhibi t ing effect of P G (1). According to Z i m m e r m a n n 
and Broome (90) t h e phloroglucinol has no consis tent effect on the growth of 
apples. I t is, however , most p robab le t h a t i t increases t h e fo rma t ion of ad -
vent i t ious roots (30, 39). 
According to Z i m m e r m a n n t h e various responses could he due to t h e 
following fac to r s : 
(a) env i ronmen ta l condi t ions at the t ime of expiant is t a k e n 
(b) physiological s tate of t h e expian t and /o r 
(c) t h e n u m b e r of subcul tu res prior to roo t ing . 
The relat ive effectiveness of P G compared w i th other phenol ics requires 
f u r t h e r inves t iga t ion . Al though it has been t e s t ed at several concent ra t ions , 
o ther phenolics have been t e s t ed at only v e r y high concent ra t ions . Phenol ic 
compounds and the i r glycosides are widespread in plants . T h e y have uncer ta in 
metabol ic roles, a l though t h e y are regarded as metabolic by -p roduc t s con-
ferr ing res is tance to pathogens . Phloridzin, t h e 2-glucoside of phloretic acid , 
e.g., is un ique t o species of Malus and is the m a j o r phenolic c o m p o u n d of com-
mercial apple t r ees (Malus pumila Mill), r epresen t ing 3 - 7 % of t h e dry weight 
of leaves as well as occurring in b a r k and roots . I t is not involved in resis tance 
t o apple scab as formerly supposed , hu t a f f ec t s the me tabo l i sm of m a n y 
organisms. One of the degrada t ion products of phloridzin, phloro-glucinol, a c t s 
svnergist ical ly л vit h auxin to p r o m o t e g rowth . There have been indicat ions 
t h a t phloridzin and PG, p r o m o t e bo th the expans ion of apple leaves and t h e 
rooting of apple shoots . Phlor idzin and PG also p romoted i n t e r n o d e expansion 
and increased t h e number of shoo t s per t ip t o be tween three a n d six of app le 
roots tocks " M . 7 " , "M.26" cu l t i va t ed in vitro (24, 30, 38, 90, 92). 
— Browning of medium. A serious p rob lem generally f o u n d in cu l tur iug 
adul t t issues, is t h e oxidat ion of phenolic s u b s t a n c e s leaching o u t f rom the c u t 
surface of the exp i an t which t u r n s the m e d i u m dark brown a n d is toxic t o 
the tissues. Quick t ransfers of exp i an t s to a f r e sh medium two t o three t imes , 
a t an in te rva l of a few-days, m a y in some casees alleviate t h e problem. D u r i n g 
th i s period t h e cut end of t h e exp ian t becomes seals over a n d the leaching 
s tops. The ini t ial cul ture in a l iquid medium p robab ly helps t o get rid of t h e 
phenolic c o m p o u n d s and o ther g rowth inhibi tors . Should the browning persist 
a t each subcu l tu re the addi t ion of an t iox idan t s , such as cys te ine-HCL (100 
mg/1) ascorbic acid (50-100 mg/1) or citric acid (150 mg/1), to t h e cu l tu re m e d i u m 
is r ecommended . Polyvinylpyrro l id in (polycar AT or PVP), w h i c h can abso rb 
phenolic compounds , has also been used to s ave tissues f rom t h e toxic e f fec t s 
of the oxidized phenols. Keeping t h e cul tures initially in t h e d a r k is also re-
por ted to he beneficial (i.e., l igth promotes t h e oxidation of phenolics) (3). 
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— The application of thidiazuron (n-phenyl-Nl-l,2,3-thiadiazol-5-ylurea.) 
A c o m p o u n d shown to h a v e a high degree of cy tok in in act ivi ty, has been 
shown t o s t imula te a p p l e shoot pro l i fe ra t ion at concen t ra t ions cons iderab ly 
lower t h a n BA. Shoot prol i fera t ion was shown to c o n t i n u e af ter e x p i a n t s were 
t ransfer red t o a cy tok in in- f ree medium on which shoo t s could be roo ted a f te r 
1 -2 subcu l tu res (24) 
— Agar. Both concen t ra t ion and t h e brand of a g a r definitely inf luence 
growth a n d mul t ip l ica t ion as well as shoo t prol i fera t ion and v i t r i f i ca t ion in 
apples. Because v i t r i f i ca t ion can impede t h e successful t ransfer of micropro-
pagated a p p l e plants t o in vivo condi t ions , it is no t ab l e t h a t v i t r i f i ca t ion can 
be e l iminated on certain combina t ions of agar and t h e gelling agent "Ge l r i t e " , 
according t o recent s t ud i e s . It is ev iden t f rom all t h e s e studies t h a t a gelling 
agent can inf luence t h e a n a t o m y and physiology reac t ion of cul tured shoots . 
Consequent ly it is r ecommended t h a t t h e brand of a g a r or gelling agent be 
positively ident if ied in a n y research publ ica t ion (24, 72). 
— Environmental factors. The m a i n effect of l igh t is the rési l ia t ion of 
certain morphogenet ic processes (1000-5000 lux), whereas root f o rma t ion 
favoured t h e effect of d a r k - t r e a t m e n t . A diurnal l ight regime of 16 h d a y and 
8 h n ight h a s been f o u n d sat isfactory fo r shoot deve lopmen t (3). 
The ef fec t of da rk a n d t e m p e r a t u r e dur ing g rowth /deve lopment , as well 
as root in i t ia t ion has also been s tudied . The o p t i m u m durat ion of darkness , 
at the beg inn ing of the roo t ing stage w a s shown to r a n g e from 3 t o 9 days. 
James (35) reported t h a t t empe ra tu r e s f r o m 22 to 29 °C during root in i t ia t ion 
did not in f luence root ing , bu t his expe r imen t s were carried out u n d e r light. 
— Temperature. Cu l tu res are u sua l ly mainta ined a t a cons tant t e m p e r a -
ture of 25 °C (3). At lower t empe ra tu r e s shoots f i rs t accumula ted a n t h o c y a n i n s 
then b e c a m e clorotic (3, 24, 92). 
— Seasonal effects. I t is fairly well documented tha t the cu l tu r ing of 
fruit c rops in vitro can he influenced b y the t ime of t h e year at which the 
expiant is t a k e n . J a m e s and Hutch inson reported in 1984 (35) t h a t t h e opti-
mum t i m e t o establ ishing apple shoot in vitro, wi th min imum browning and 
con tamina t ion , is in t h e spr ing (24, 35). 
— Field performance. An i m p o r t a n t aspect wh ich is often over looked in 
the descr ipt ions of in vitro culture methodologies is the es tab l i shment of 
plantlets fo r planting o u t . Essential t o a n y practical s y s t e m of in v i t ro cul ture 
is not on ly a high mul t ip l ica t ion ra te of plant le t p roduc t i on f rom t h e exp ian t , 
but also a high rate of survival dur ing acc l imat iza t ion and in the f ie ld (74). 
Studies of t h e field p e r f o r m a n c e of t issue cultured app le cultivars ind ica te t ha t 
micro-cut t ings come to f lower within 2 t o 2.5 years demons t r a t i ng t h a t root ing 
ability is not. associated w i t h reversion t o the juvenile f o r m . When over several 
years t i ssue cultured app le s were c o m p a r e d to b u d d e d t rees it was establ ished 
tha t t h e fo rmer were m o r e vigorous a n d as p roduc t i ve as those on clonal 
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roots tocks anil possibly more stress t o l e r an t (83). I t was also observed t h a t 
vigour and cropping eff ic iency was cu l t iva r specific. Some cultivars on the i r 
own roo ts were less v igorous and f ru i t ed much less t h a n trees on specif ic 
roots tocks . Some au tho r s , however, ind ica te t h a t these mic ropropaga ted t rees 
were a yea r younger t h a n t h e scion pa r t of the compos i te tree (24, 79). 
Conclusions 
A considerable n u m b e r of apple roo ts tocks (5, 9, 11, 12, 28, 29, 32, 39, 60, 
61, 84, 87) and scion cu l t ivars (1, 8, 21, 41, 43, 62, 89, 93) are being p r o p a g a t e d 
in v i t ro . This t rend is l ikely to cont inue in t h e fu tu re a n d will most l ike ly he 
aimed a t producing: 
— virus-free s tock p lan t s 
— new cul t ivars 
— elite genotypes of d i f f icu l t - to -propaga te p lan t s 
-— large quan t i t i es of roots tocks . 
The p ropaga t ion of scion cul t ivars sems to remain a pers is t ing issue. A m a j o r 
problem is also cost. L a b o r costs can he reduced however , if p rocedures are 
shor tened or s implif ied. Thus , S immonds (73) shor tened the p rocedure for 
"M.26" apple roots tocks by subs t i tu t ing rooting u n d e r mist for in v i t ro 
rooting. The roots tocks were dipped in commercial roo t ing powder and es tab-
lished in a pea t : sand ( 1 : 1 ) subs t ra te wi thin a mis t f r a m e . With t h i s pro-
cedure, a p lant es tab l i shment above 8 0 % was obta ined . Fiorini and L e v a (21) 
used even less expensive mater ia ls when t h e y induced roo t initiation in a l iquid 
basal m e d i u m . Z i m m e r m a n and F o r d h a m (93) induced roo t - fo rmat ion in an 
auxin-sucrose liquid m e d i u m and the roo t development took place in pea t . 
A n o t h e r i m p o r t a n t problem in p ropaga t ing scion cult ivars in v i t r o is 
tha t d i f ferences exist a m o n g cult ivars (51, 69, 93) as well as be tween the 
juvenile and adult f o r m s of the same p l a n t s in the i r requi rements t o w a r d s 
eul tur ing (84, 85). Therefore , general r ecomenda t ions for procedures a n d med ia 
composi t ion based on experiences gained b y the eu l tu r ing of juvenile shoots , 
or one cer ta in cultiv ar , m a y be ill advised. 
Field studies ind ica te t h a t t issue cul tured app les are excej i t ional ly 
vigorous over a span of several years and are equal ly as product ive as hud-
grafted t rees . Never theless , a micro-propagated roo l s tock may n e v e r he 
economically compet i t ive wi th a convent ional ly p r o p a g a t e d one unless the 
plant mate r ia l is in shor t supply and t he re is a huge d e m a n d for it. A micro-
p ropaga ted , self-rooted scion cult ivar , however , s t ands a very good c h a n c e of 
being economical ly compe t i t i ve with tlie high-priced b u d gra f ted trees (24, 86). 
Consequent ly , t he in v i t ro propagat ion techniques are likely to play a n im-
por tan t role in the f u t u r e product ion of apples . 
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Acta Agronomica Hungarica, Vol. 40 (1-2), pp. 253-258 (1991 ) 
Poliprivredna Znustvena Smotra, Zagreb, 
1989. Vol. 54. No . 3 - 4 
This new v o l u m e of the Zagreb Univers i ty 
publicat ion aga in contains comprehens ive 
informat ion, i n t e n d e d for those f a m i l i a r with 
agricultural r e sea rch and p r o d u c t i o n . The 
seven original a r t ic les and a sc ien t i f ic survey 
wr i t ten in Croa t ian are provided w i t h an En-
glish summary a n d table exp lana t ions . 
Tests were carr ied out in t he middle sec-
t ion of the D r a v a valley to d e t e r m i n e the 
eff iciency of the P and К fertilizer supply in 
a crop ro ta t ion of winter wheat , suga r beet 
a n d maize. The d a t a related to t h e suga r beet 
were published. Compound fer t i l izer w as ap-
plied in both cases wi th the mouoamnion ium-
a n d t r ica lc ium-phosphate , and t he po tass ium 
sal t tested sepa ra t e ly . The sugar b e e t yield 
w a s found to be approximate ly t h e same as 
t h e s t andard ; however , the r e d u c t e d costs 
represented a considerable a d v a n t a g e . 
The influence of the durat ion of harves t 
oil root p roduc t ion and sugar c o n t e n t was 
also tested in sown sugar beet a n d in s tands 
propaga ted by cu t t ings . I t was concluded 
t h a t the prolonged harvest and t h e proper 
v a r i e t y may p lay an impor tant ro le in the 
prof i tabi l i ty of sugar beet c u l t i v a t i o n in 
Nor th -Wes te rn Croa t ia . 
Susuri et al. i so la ted some Ascochyta pisi 
w i t h variable g r o w t h vigour a n d exposed 
t h e n to light r a d i a t i o n s of dif ferent t y p e and 
d u r a t i o n . The m o s t intensive sporu la t ion 
occurred on po ta to -dex t rose agar ( P D A ) at 
fu l l light in tens i ty and constant t empe ra -
tu re . 
F a s a i c et al. ca r r i ed ou t haematologica l 
a n d biochemical t e s t s on finger-sized a n d 
tw o-year-old carps ( Cypriuns carpio L.) 
g r o w n under art if icial a n d natural cond i t ions , 
respec t ive ly . A s ign i f i can t difference ( P < 
< 0 .01) was found b e t w e e n the test r e su l t s . 
F u r m a n studied t h e ma jo r pa ramete r s of 
t he agr icul tural m a c h i n e r y and w o r k s h o p s 
o p e r a t i n g under i m p r o v e d conditions. T h e 
m a i n fac to rs included t h e specific res i s tance 
of t h e soils, the n u m b e r of tractor un i t s , t h e 
m a c h i n e types and t h e s t ruc ture of the cul-
t i v a t e d crops. 
Accord ing to the r e p o r t of Milat, a m p l e 
a t t e n t i o n is paid in Jugos l av i a to the m a r k e t -
ing of wine and its connec t ion with n u t r i t i o n , 
as wel l as to tourism. T h e concept of m o d e r n 
wine marke t i ng is b a s e d on technology im-
p r o v e m e n t and good qual i ty and, conse-
q u e n t l y , also on increased economic e f f i -
c iency. 
A n k i c a and Jakov l i evsk i studied the o p t i -
mal i n v e s t m e n t policy i n agricultural p r o d u c -
t ion sys tems . Their o b j e c t i v e was to m a k e a n 
a c c o u n t of the exis t ing crop inventory a n d 
the m a c h i n e stock w i t h t he use of v a r i o u s 
m a t h e m a t i c a l and economica l models. 
A f t e r the Chernobyl disaster the i m p a c t 
of r a d i a t i o n on p lants a n d other living o rga -
nisms was studied also in Jugoslavia. In t h e 
long r u n , the increased r a t e of muta t ions c a n 
induce h a r m f u l genetic e f fec ts in the l i v ing 
o rgan i sms . This aspec t is detailed in t h e 
va luab le s tudy of K a t a r i n a Boroievic, a 
wel l -known geneticist a t t he Novi Sad U n i -
vers i ty . 
Z. B E D Ő 
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I' . RIALS, K A T A L I N GREIZ a n d T . KHEMMEK 
(Eds . ) — Biological Role of Riant Lipids. 
1989. Jo in t edi t ion by A k a d é m i a i Kiadó, 
Budapest , H u n g a r y and P l e n u m Press , New-
York and L o n d o n , ISBN 963 «5 5375 9) 
The book is a collection of t he papers 
presented a t t h e 8th In t e rna t i ona l Sympo-
s ium on the Biological Role of P l a n t Lipids, 
organized b y P . Biacs and his colleagues in 
Budapes t on J u l y 25-28, 1988. T h e book also 
conta ins those papers which were read at the 
pos t - sympos ium round- table discussion on 
the the rma l acclimation a n d t empe ra tu r e 
stress, organized by T. F a r k a s , I . Horvá th 
and L. Vigh at t he Biological Resea rch Center 
of the H u n g a r i a n Academy of Sciences in 
Szeged, H u n g a r y . 
The book comprises seven chap te r s , the 
first chapter of which deals w i t h the lipid 
metabol ism, w i t h 23 papers (166 pages). The 
second chapter, "S t ruc tu ra l a n d Funct ional 
Organizat ion of Lipids" con t a in s 23 papers 
(106 pages). T h e topic of the third chapter, a 
collection of 11 papers (54 pages) is the "Bio-
synthesis a n d Func t ion of P reny l l ip ids . " 
The 10 p a p e r s (53 pages) in chapter 4 in-
volve a large and new field as i t s t i t le indi-
cates: "Car r i e r Proteins, Gene t ics of Plant 
Lipids ." These works deal m a i n l y with var-
ious p rob lems of the m o v e m e n t s of the 
lipids f rom t h e s tandpoint of molecular bio-
logy. 
Chapter 5, "Biocides, I n t e r ac t i on with 
Plant L i p i d s " (13 papers, 52 pages) provides 
interest ing d a t a on the ac t ion of different 
chemicals t h a t inhibit the lipid metabolisms, 
and on t he molecular m e c h a n i s m s of their 
actions. These d a t a are of i n t e r e s t no t only as 
they pe r ta in t o agronomical appl ica t ions bu t 
also as t h e y offer a better unde r s t and ing of 
the b iosynthes is of plant l ipids. 
Chapter 6, "Bio technology of Lipids, 
Nut r i t iona l Aspec t s" (11 pape r s , 53 pages) 
is more complex , conta ining papers on a 
var ie ty of topics , e.g. p l an t l ip ids as renew-
able sources of industrial s u r f a c t a n t s ; non-
caloric f a t subs t i t u t e s on the bas is of sucrose-
esters of carboxyl ic acids; m i n o r components 
of vegetable oils, etc. Their c o m m o n point is 
the importance of the i r practical app l i ca -
t ions . 
T h e last chapter, "Deve lopmen t , E n v i r o n -
m e n t , Stress" (28 p a p e r s , 114 pages) p r e s e n t 
m a n y recent da t a o n t he various s tress-ef-
fec t s , such as the e f f ec t s of the rmal s tress , 
w a t e r stress, osmotic s t ress etc. 
T h e book concludes w i t h an Author I n d e x , 
a v e r y useful Sub jec t I ndex and an I n d e x of 
T a x a . 
Obviously, this In t e rna t iona l S y m p o s i u m 
was an ex t raord inar i ly large one, invo lv ing 
m a n y aspects of l ipid biochemistry. T h u s , its 
m a t e r i a l holds i n t e r e s t n o t only for t h e spe-
cial is ts . Although n o t intended as a school 
t e x t , the book is u s e f u l for g r a d u a t e and 
pos tg radua t e s t u d e n t s in explaining c u r r e n t 
p r o b l e m s of lipid b iochemis t ry , and t h e mo-
d e r n methods by w h i c h these can be solved. 
T h e i tems published here are not a b s t r a c t s 
or summaries , since t h e y contain f i g u r e s and 
t a b l e s in the tex t , m a n y of which are e v e n as 
l ong as regular p a p e r s in journals. T h e y all 
e n d with references which are v a l u a b l e for 
r e a d e r s who work in other fields of bio-
chemis t ry , and w h o require easily avai lable 
in fo rmat ion about t h e problems a n d the 
m e t h o d s of their invest igat ions . 
L . B O R O S S 
J O I I N R Y A N a n d A B D A L L A H M A T A R ( E d s . ) : 
Soil Test Calibration in West Asia and North 
Africa, I n t e rna t iona l Center for Agr icu l tu ra l 
Research in the D r y Areas, 1990, Aleppo, 
Sy r i a 
T h e volume c o n t a i n s the Proceedings of 
t h e Third Regional Workshop o n t h e Soil 
T e s t Calibration N e t w o r k for West As ia and 
N o r t h Africa held in Aman, J o r d a n , 3-9 
September , 1988. 
The Workshop w a s at tended b y part ici-
p a n t s f rom ten coun t r i e s and in t e rna t iona l 
organizat ions f r o m t h e region a n d a imed to 
p resen t the s ta te a n d programmes of t he soil 
t e s t ing methods a n d of their prac t ica l applica-
t ion . 
Network m e e t i n g s have been regular ly 
organized and t he resul t s of the p a s t inves-
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l igat ions, as well as t h e achievements in t h e 
pract ical application h a v e been presented in 
the d i f f e ren t papers. A l toge the r 21 papers a r e 
publ ished in the v o l u m e . The topics cove r 
the d i f fe ren t approaches of soil testing m e t h -
ods a n d of their e v a l u a t i o n for p rac t i ca l 
purposes . 
The first paper of F . E . Khasawneh en-
ti t led " A n overview of soil test ing" gives a 
general review on ca l ib ra t ion methods a n d 
fac tors affect ing the soil tes t calibration d a t a , 
as well as on the task of t h e soil test ca l ibra-
tion. 
The following papers represent mainly t he 
problems of soil test ing m e t h o d s for measur -
ing the available p l a n t nutr ient c o n t e n t s 
and e labora t ing r ecommenda t ions for up - to -
date ferti l izer app l ica t ion . Examples a re 
selected f rom different Medi ter ranean, N e a r 
and Middle East coun t r i e s as Morocco, P a -
kistan, J o r d a n . Tunis ia , 5 emen. T u r k e y , 
Syria, etc . 
Bo th theoretical a n d prac t ica l studies a r e 
included among the Proceed ings , and u p - t o -
date m e t h o d s of model l ing and process-pre-
dication can also he f o u n d among the pape r s . 
Addi t iona l ly , a g rea t n u m b e r of p a p e r s 
studied t he methods of p rac t i ca l appl ica t ion 
of d i f fe ren t fertilizers, m a i n l y phosphorus 
ferti l izers in the pract ice of rainfed and irr i-
gated agr icul ture . A g r e a t variety of d i f -
ferent soils and crops a re represented in t h e 
di f ferent s tudies and t he cri t ical examina t ion 
of convent iona l soil and p l a n t testing m e t h -
ods h a v e also been inves t iga ted . 
Besides the professional papers, the ad -
dresses a n d acknowledgements of the W o r k -
shop are also published a n d an execut ive 
s u m m a r y and conclusions facil i tate an eva l -
uat ion of the p rogramme a n d the results of 
the W o r k s h o p for the r e a d e r of the book. 
The Proceedings s u m m a r i z e a g iven 
phase of a long-term p r o j e c t activity of t h e 
countr ies and ins t i tu t ions included into t h e 
cal ibra t ion network g r o u p a n d clearly show 
both t h e problems and t h e results of t h e 
i m p o r t a n t questions in soil testing and ad -
visory service of the a rea . 
I . SZABOLCS 
"Beitrage zur Tropischen Landwirtschaft und 
Veterinärmedizin", No. 2/1989 and No. 
3/1989 of t h e J o u r n a l well i l l u s t r a t e how se-
rious inves t iga t ions are being carried out , 
and how i m p o r t a n t scientific resul ts have 
been o b t a i n e d by the r e sea rche r s ill the 
countries of t h e tropical area. 
The a u t h o r s point out t h a t where large 
proport ions of Fe and Mn are in a dissolved 
state in t he soil, due to f looding, a n d earthen 
drainage s y s t e m s are used, t h e oxidat ion of 
he and Mn m a y cause a con t inuous lodgement 
of Fe and Mn over the inner su r faces and at 
the joints of t he pipes. 
The s t u d i e s emphasize t h a t t radit ional 
technologies m a y even be e m p l o y e d for the 
sake of p rog res s in economically backward 
tropical r eg ions , considering t h a t t he applica-
tion of t o p technologies is n o t always the 
only way of developement . 
The a u t h o r s analyse the eff iciency of 
growing v a r i o u s crops in ro t a t i on , e.g., in the 
case of s o y b e a n and sugar-cane. 
A paper t r ies to find a so lu t ion to one of 
the most u r g e n t problems of A f r i c a : how to 
stop s t a r v a t i o n , through possible ways of 
development in the cereal p r o d u c t i o n of 
Ethiopia. 
A special v a l u e of the two n u m b e r s of the 
journal is t h a t t hey analyse t he development 
of agr icul tural production in connec t ion with 
the economic management , t h e property 
relations, a n d the agricultural organizat ion 
units being f o r m e d accordingly, e.g., state 
farms, co-opera t ives and p r i v a t e small pro-
ducers too. 
I myself t h i n k it impor t an t t o amalga-
mate the a d v a n t a g e s of large-scale fa rms — 
better possibil i t ies of mechaniza t ion — with 
the propr ie tory view of small p r i v a t e produc-
ers, so as t o increase the agr icu l tu ra l pro-
duction. 
Analyses d o n e in the form of case studies 
are more f a v o u r a b l e methods of disclosing 
and solving t h e problems of ag r i cu l tu re than 
either the na t ion -wide studies or t h e simple 
da t a analyses. 
S . ZSARNÓCZAI 
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R. T. HANLIN: Illustrated Genera of Asco-
mycetes (wi th drawings b y H a h n , С. G.). 1990. 
1 - 2 6 3 pp . , Figs. 100, A P S Press, The A m e r i -
can Phytopa tho log ica l Society, 3340 P i l o t 
K n o b R o a d , St. Paul , Minnesota 55121, U S A 
— I S B N 0 - 8 9 0 5 4 107-8 . 
T h e book discusses 100 genera of As-
comycetes, 65 of w h i c h are pathogenic t o 
p l a n t s . 
T h e author by a new concept of s y s t e m a -
t i za l ion divides the Ascomycetes into 10 f a m i -
lies, a n d characterizes t h e families mainly b y 
t he colour and shape of ascospores a n d t h e 
n u m b e r of their sep ta . 
Fami l i es : Hyalosporae, Allantosporae, 
Phaeosporae (the ascospore is unicellular, o v a l 
or cyl indrical , colourless or brown). Hyalo-
didymae, Phaendidymae ( the ascospore is a 
colourless or brown didymospore) , Scolecos-
porae ( t he ascospore is f i l i form, uni- or m u l t i -
cel lular) . Hyulophragmiae, Phaeopliragmiue 
( the ascospore is mul t ice l lu lar , colourless or 
b rown) . Ilyalodictyae, Phaeodiclyae ( the sep-
t u m of the ascospore is length- and cross-
v i s e , t h e ascospore is colourless or b r o w n ) . 
T h e genera are t r e a t e d in the fo l lowing 
w a \ : On one side t h e genus is described in 
w o r d s according to t h e following s u b j e c t s : 
Morphological charac ter iza t ion 
— Descript ion of t h e anamorphous f o r m 
H a b i t a t 
— Represen ta t ive species (il lustrated in 
de ta i l as a charac te r i s t i c species of t h e 
genus ) 
Comments 
References 
O n t he other side, on the full page , t h e 
morphological c h a r a c t e r s necessary f o r t h e 
ident i f ica t ion of t he genus are seen in d r a w -
ings and part ly in pho tos , supp l emen ted 
w i t h f igure captions. M a n y figures even show 
the s y m p t o m s visible o n the plant. 
A n acquaintance w i t h the morphologica l 
c h a r a c t e r s of the species representing t he gen-
era m a k e s it easier t o iden t i fy other species 
of t h e respective gene ra . 
A t the beginning of the hook a t a x o n o m i c 
key for the genera is g iven , while at the e n d of 
the hook a detailed b ib l iography can be f o u n d . 
The book is considered an i m p o r t a n t source 
for those t each ing p h y t o p a t h o l o g y and for 
researchers specially in teres ted in the identi-
fication of f u n g i . 
M . G U T S 
Poljoprivredna Znansteena Smotra, 1989. Vol. 
54. 1 -2 , Zagreb (Agricul tural Conspectus 
Scientificus) 
The q u a r t e r l y periodical pub l i shed by the 
Agricultural Facul ty of the Z a g r e b Univer-
sity con t a in s this time seven original scienti-
fic papers . These papers p r i m a r i l y summarize 
the resul t s of plant c u l t i v a t i o n and — 
breeding researches in C r o a t i a n , and are 
completed w i t h English a b s t r a c t s and table 
captions. 
The a u t h o r s of the f i rs t p a p e r — Butorac, 
Basic, V a j u b e r g e r and Mihal ic — deal with 
an actual quest ion, changes in t he fertiliza-
tion m e t h o d s of wheat. In a w i n t e r wheat — 
sugar-beet — maize ro ta t ion exper iment set 
up on h y p o g l e v soils of the M i d s t r e a m Drava 
Valley t h e y s tudied the e f fec t of maintenance 
fert i l izat ion with phosphorus a n d potassium 
in a n ine -yea r experiment series. The pho-
sphurus a n d potassium doses were calculated 
for a fu l l ro ta t ion cycle. Accord ing to the 
results, t h e maintenance fer t i l izat ion wi th 
phosphorus and potassium d id no t increase 
the grain yie ld , but proved use fu l from the 
point of v i ew of economic p roduc t ion . 
Af ter inbreeding over e i g h t generations, 
Parlov e t al . detected in t h e Beljski Zuban 
34 line a monogenically t r a n s m i t t e d factor 
of res i s tance to Northern leaf bl ight , a leaf 
disease caused by Helmintosporum turcicum. 
The lest cross ing results p r o v e d a high general 
and speci f ic combining ab i l i ty for the grain 
crop, leaf n u m b e r and size. T h e Be 14 line 
produced f r o m Beljski Zuhan showed a pa r -
ticularly good combining ab i l i t y with t h e 
lines I o w a Stiff Stalk S y n t h e t i c and Lancas-
ter. 
M a t o t a n studied the r e l a t i o n between row 
distance a n d certain agronomica l characteris-
tics in s o y b e a n . With a r e d u c t i o n of the row 
distance f r o m 60 to 20 c m t h e weight of 
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b e a n decreased , t h e f i rs t fer t i le n o d e was on 
a lower level, t l ie p l a n t height a n d p o d num-
b e r increased . S imi la r ly the yield of b e a n and 
t h e p ro te in c o n t e n t increased. 
I n t he course of microc loning v i n e cul-
t i v a r s , H a r t I a n d J e l a s k a s t u d i e d t h e effect 
of cy tok in in a n d benzy l aden ine . T h e pro-
p a g a t e d p l a n t s were of j uven i l e t y p e . The 
a u t h o r s call a t t e n t i o n to the d a n g e r s of ВЛ 
overdos ing . 
S t u d y i n g Khizobium leguminosarum s t ra-
ins, J a r a k f o u n d t h e m to be m o s t res is tant 
t o penicil l in a n d l eas t so to g e n t a m y c i n . The 
a u t h o r e x a m i n e d t h e n u m b e r of p e a nodes, 
t h e we igh t and h e i g h t of the i n o c u l a t e d p lan t s 
a n d t h e n i t rogenase ac t iv i ty . 
The ef fec ts of va r ious p lan t grow t h regu-
l a t o r s were e x a m i n e d by D u b r a v e c in rape. 
" B o r o n e t 70 W P " and " B o r o n e t 70 W G " 
r e d u c e d the l e n g t h of in te rnodes a n d s t imu-
l a t e d b r a n c h i n g of f . T h e stalk b e c a m e shor te r 
a n d more c o m p a c t , a n d res i s tance t o lodging 
inc reased . The g r o w t h regu la to r s a p p l i e d had 
a benef ic ia l e f fec t o n f lower f o r m a t i o n , seed 
d e v e l o p m e n t a n d u n i f o r m r ipen ing . T h e qual-
i t y of seed crop d id no t change. 
T h e pape r s l i s t ed above s u p p l y r ead i ly 
app l i cab le d a t a u s e f u l n o t only for ag r i cu l tu r -
al research b u t also for t he p r a c t i c e of 
c r o p p r o d u c t i o n , so t h e periodical m a y com-
m a n d in te res t a m o n g a wider c i rc le of 
r eade r s . 
Z. BERÓ 
Poljoprivrednu Znanstvena Smotra, 1988. 
Vol . 53. No. 3 - 4 , Z a g r e b ( A g r i c u l t u r a l Con-
s p e c t u s Scient i f icus) 
T h e Croa t i an ag r i cu l tu re w i t h i t s E u r o -
p e a n - a n d world l eve l p roduc t i on h a s deser-
v e d t h e r ecogn i t ion of i n t e r n a t i o n a l profes-
s iona l circles. T h e p re s t ige acqu i red is largely 
d u e to t he t r a d i t i o n a l research b a c k g r o u n d 
w h i c h is a f i r m b a s i s of ag r i cu l t u r a l devel-
o p m e n t n o t on ly in Croat ia h u t all over 
J u g o s l a v i a as well. 
T h e j o u r n a l "Agr icu l tura l Conspectus 
Scientificus" ed i ted in Zagreb o f f e r s a n ex-
cel lent cross-sect ion of the wide sc ien t i f i c 
w o r k which t h r o u g h i t s results is of m u c h 
g r e a t e r impor t ance t h a n would be e x p e c t e d 
f r o m t h e Croatian a g r i c u l t u r e on t he b a s i s of 
t h e size of its a r ea . T h e m a n y - s i d e d n e s s of 
t h e ag r i cu l tu re is p a r t l y d u e to the w ide v a r i -
a t i o n of the eco logica l condit ions, s u c h as 
t h e t opog raph ic c l i m a t i c d i f ferences . T h e 
j o u r n a l , wr i t ten i n C r o a t i a n and c o m p l e t e d 
w i t h Eng l i sh s u m m a r y a n d table as we l l as 
w i t h f i g u r e cap t ion , desc r ibes the soil t y p e s 
of C r o a t i a . 
I n t h e crop p r o d u c t i o n an i m p o r t a n t ro le 
is p l a y e d hv maize . T h e inher i tance o f t h e 
s a t u r a t e d f a t t y acid c o m p o s i t i o n of t h e g r a i n 
c r o p is deal t w i t h b y Su r l an -Momi rov ic , 
w h o p o i n t s out t h a t t h e palmit ic ac id - a n d 
s t e a r i c acid con ten t a r e of monogenic i n h e r -
i t a n c e , as is s u p p o r t e d b y the high v a l u e of 
h e r i t a b i l i t y for b o t h f a t t y acids. 
T h e effect of n i t r o g e n fe r t i l i za t ion on 
s o y b e a n s sown to d i f f e r e n t p lant n u m b e r s 
w a s s t u d i e d by V a r g a e t al . According t o t h e 
r e s u l t s of e x a m i n a t i o n , in symbiosis w i t h 
Bradyrhizobium japonicum, the oil c o n t e n t s 
of s o y b e a n s were in n e g a t i v e correlat ion w i t h 
all n i t r o g e n doses a p p l i e d , and the N c o n t e n t 
of t h e b e a n increased, wh i l e the yield r e m a i -
ned u n c h a n g e d in t h e d i f fe ren t t r e a t m e n t s . 
I n a s u m m a r y of a va luab le w o r k , t h e 
r e s u l t s of an a p p r o x i m a t e l y 15-year e x p e r i -
m e n t series is p r e s e n t e d by Ivanek , w h o 
s t u d i e d t h e p roduc t ion po t en t i a l , q u a l i t y a n d 
b o t a n i c a l compos i t ion of meadows as a f u i i c 
t ion of t h e mechan ica l s t r u c t u r e of t h e soi l . 
T w o papers deal w i t h p l a n t s pa ras i t e s a n d 
p e s t s . O s t r e c i so la ted 22 nematode s p e c i e s 
f r o m t o b a c c o , which m o s t l y belong t o t h e 
g e n e r a Meloidogyne a n d Partylenchus. I n t h e 
c o u r s e of his i n v e s t i g a t i o n s the a u t h o r d i s -
c o v e r e d two new Meloidogyne species. I n t h e 
o t h e r p a p e r the d y n a m i c s of p o t a t o l e a f 
a p h i d p o p u l a t i o n s is d i scussed on t he b a s i s 
of s e v e n years of o b s e r v a t i o n . 
A m o n g the sc ien t i f ic p a p e r s related t o a n i -
ma l b r e e d i n g , the one w r i t t e n by Mioc e t a l . 
on b o d y weight inc rease u n d e r in tensive c o n -
d i t i o n s of goat b r e e d i n g deserves s p e c i a l 
a t t e n t i o n . S tudying t h e insemina t ion of 
H o l s t e i n - F r i s i a n he i f e r s U r e m o v i c et a l . lo -
u n d t h a t , wi th an i n t e n s i v e feeding, t h e 
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heii'ers could b e inseminated ea r l i e r , when 
iheir body weight reached 35(1 kg a n d they 
were 450 days o ld . Problems of ch i cken fat-
tening are deal t w i t h by two a u t h o r s : Mujkic 
a n d Jeleca. 
In the economic section R a d i n o v i e analy-
ses the change in the production capac i ty of 
Dalmat ian p r i v a t e farms. As in m a n y parts 
of the world, t h e number of p r i v a t e farms 
shows a slow decrease, and the size of the 
cul t ivated area h a s also become smaller . It 
is a good th ing , on the other h a n d , t h a t the 
degree of mechan iza t ion increases. 
Studying t h e changes in t h e food con-
sumption h a b i t s in Jugoslavia, K e r o points 
o u t t h a t when the l iv ing s tandard was rising, 
un t i l 1979, consumpt ion increased of all k inds 
of f o o d , particularly m e a t , egg a n d beer. 
S ince the deterioration of the life cond i t ions , 
mi lk - , oil- and beer consumpt ion have f u r t h e r 
inc reased , while c o n s u m p t i o n ot o the r foods 
h a s e i ther declined, or s tagnated; t h i s es-
pec ia l ly applies to f r u i t and mea t ! 
The Agricultural Conspectus Scientificus 
is sa fe ly recommended to those enged in 
agr icu l tu ra l research work as well as to in-
n o v a t i v e practicers of the profession in ter-
e s t e d in the results of research. 
Z. В EDO 
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PROFESSOR DR. ARTHUR HORN 
AT EIGHTY 
The Grea t Old Man of t h e H u n g a r i a n a n i m a l breeding science: A R T H U R 
HORN, dis t inguished professor a n d academic ian was born in 1911 in Cairo, 
E g y p t . He g r a d u a t e d f r o m t h e Univers i ty of Technica l Sciences in B u d a p e s t . 
I n 1947 he became professor of a n i m a l h u s b a n d r y a t the Univers i ty of Agricul-
t u r a l Sciences, Gödöllő. Since 1963 he has been an ord inary professor of an ima l 
produc t ion and appl ied an imal genet ics a t t h e Univers i ty of Vete r inary Medi-
cine a t Budapes t . He has been consu l tan t , l ec tu re r and guest-professor a t a 
grea t n u m b e r of universi t ies in E u r o p e , USA, I n d i a and L a t i n America, a n d 
t h e invi ted ma in speaker of a n u m b e r of i n t e rna t i ona l and world-congresses, 
conferences and symposia , especially in the f ie ld of milk and beef p roduc t ion 
and genetics of domest ic an imals . He was also a consul tan t t o the FAO f o r 
four years. Fo r decades he was a leading persona l i ty of the E u r o p e a n Associa-
t ion for Animal P roduc t ion , a n d was also the vice president of t h e EAAP. H e 
is an honora ry m e m b e r of t h e Belgian A c a d e m y of Medical Sciences, t h e 
German A c a d e m y of Agr icu l tura l Sciences (Berl in) , the Polish Academy of 
Sciences, the Br i t i sh Catt le Breeders ' Club, etc. H e is an h o n o r a r y Doctor of t h e 
Univers i ty Ha l l e -Wi t t enberg , B r n o , Budapes t (Un iv . of Yet. Med.) and Gödöllő 
(Univ. of Agric. Sei.), and a fu l l member of t h e H u n g a r i a n Academy of 
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Sciences. H e has been a w a r d e d w i t h a n u m b e r of n a t i o n a l a n d i n t e r n a t i o n a l 
prizes, s u c h as the I t a l i a n "Go lden E g g " , t h e S t a t e P r i z e of H u n g a r y a n d t h e 
Golden M e d a l of the H u n g a r i a n A c a d e m y of Sciences. Besides be ing t h e a u t h o r , 
c o - a u t h o r a n d editor of 13 books ( s o m e in several l anguages ) a n d a b o u t 220 
scient i f ic pub l i ca t ions , h i s scient if ic a c t i v i t y has b e e n d i rec ted t o w a r d s ap-
plied a n i m a l genetics, u t i l i sa t ion of t h e heterosis e f f e c t , and t h e i n t e g r a t e d 
e v a l u a t i o n a n d e f f ic iency of d i f fe ren t p o p u l a t i o n s a n d types , especia l ly in milk 
and beef p r o d u c t i o n . 
T h e l a rge n u m b e r of s t u d e n t s a n d m e m b e r s of t h e H o r n ' s school con-
g r a t u l a t e t h e i r Master a n d wish h i m m a n y h a p p y y e a r s and good h e a l t h , en-
joy ing t h e resu l t s of h i s g r ea t work ! 
J. DoH\r 
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PROFESSOR DR. IMRE MÁTHÉ 
AT EIGHTY 
D R . I M R E M Á T H É who has d e v o t e d all his life to the sc ient ia amabil is 
ce lebra ted his 80 th b i r t h d a y on 21st J a n u a r y 1991. 
H e comple t ed his secondary school and un ivers i ty s tudies in Debrecen, 
his na t ive t own . E v e n in the lower grades of t h e secondary school, he was 
in te res ted in b o t a n y , and his love of th i s subjec t b rough t him to t h e un ivers i ty 
where besides b o t a n y he s tudied geology and chemis t ry . The h igh ly t a l en ted 
s t u d e n t soon a t t r a c t e d the a t t e n t i o n of Professor Rezső Soó, H e a d of the De-
p a r t m e n t of R o t a n y . In the research work t h e Professor r egarded t h e young 
demons t r a to r , a t t h e t ime an a s s i s t an t , as his colleague. In his doctora l dis-
ser ta t ion , t h a t he defended in 1933 " s u m m a c u m l aude" , I m r e Máthé deal t 
wi th t h e f lora and vegeta t ion of t h e O h a t forest in Hor tobágy . 
F r o m his ear ly scientific work , t h e s t u d y of t h e alkali forests in t h e Kőrös 
region, the descr ipt ion of the f lo ra in Trans-Tisza , and the f lo ra -e lement analy-
sis of t h e p l an t s of H u n g a r y deserve special ment ioning . The l a t t e r work has 
been used up to now xvhen placing t h e species of t h e Hungar i an f l o r a . In 1941, 
di rect ing t h e Ro tan ica l I n s t i t u t e a n d t h e Rotan ica l Garden, he he ld lectures in 
b o t a n y a t t h e Debrecen Academy of Agr icul ture . 
F r o m 1942 he was b rought i n t o an ever closer connection w i t h agricul tur-
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al b o t a n y ; f i r s t at t h e Academy of Pa l l agpusz ta , t h e n f rom 1949 a t t h e Buda -
pest Univers i ty of Agr icul tura l Sciences he was Professor and H e a d of the 
D e p a r t m e n t of B o t a n y . On two occasions he was R e c t o r of the Univers i ty . 
I n t h e f r amework of agrobotanica l research he dea l t with t h e d r y cul t iva-
t ion of rice, and w i t h t h e association aspects of va r ious grass- and papillio-
naceous species. This scientif ic ac t i v i t y of his was acknowledged b y t h e H u n -
garian Academy of Sciences, which in 1954 elected h i m a corresponding mem-
ber. His research work was rewarded w i t h the K o s s u t h prize in 1955. 
Besides his du t i e s as rector a n d his science pol icy ac t iv i ty in academic 
commit tees , he directed t h e educat ing- a n d research work of his d e p a r t m e n t . The 
members of the d e p a r t m e n t carried on examina t ions of t h e ecological a n d cenolo-
gical condi t ions of v a r i o u s meadow associat ions of H u n g a r y under his guidance. 
I n 1956 he was Rec to r of t h e Univers i ty wh ich was enough to t r ans fe r 
him t o t h e Research In s t i t u t e for Medical P l an t s . Character is t ical ly of his 
love of t h e profession he found here t h e r ight f ie ld of research a n d opened a 
new scope of science in medicinal p l a n t research. He s tud ied the re la t ionship be t -
ween t h e ecological character is t ics of t h e indigenous medicinal p l an t s of H u n g a r y 
and t h e p roduc t ion of t h e active agen t s and the biologically act ive subs tances . 
H e published m a n y papers wi th his col laborators on the genera Achillea, 
Matricaria, Artemisia, Vinca, Colchicum, Atropa, Solanum, etc. 
F r o m 1964 he w o r k e d a t the Bo tan ica l Research In s t i t u t e of t h e H u n g a r i a n 
Academy of Sciences as scientific consu l t an t . In add i t i on to his inves t iga t ions 
into medicinal p lan ts he was pa r t i c ipan t or even m a n a g e r of m a n y ecological 
p rogrammes . In the f r a m e w o r k of t h e I n t e r n a t i o n a l Biological P r o g r a m m e ( I B P ) 
he and his col laborators carried on phenological and produc t ion biology exami-
nat ions on the n a t u r e conservancy a rea a t U j szen tmarg i t a . Owing to his wide 
in te rna t iona l relations, he took pa r t a t t h e UNESCO session in Par is a n d R o m e . 
H e was an ac t ive par t i c ipan t of I n t e r n a t i o n a l Botanical Conferences in 
E d i n b u r g h , Seattle, Ueningrad and Ber l in . His scient i f ic act ivi ty is shown b y 
more t h a n 300 H u n g a r i a n and foreign papers , a n d p a r t s of books. As a re-
cognition of his ac t i v i t y he became a regular m e m b e r of the H u n g a r i a n Acad-
emy of Sciences in 1970. He is m e m b e r of va r ious scientific bodies of the 
Academy, of editorial boards of j ou rna l s , and even t o d a y is leader of t h e edi-
torial b o a r d of the series "Cul t iva ted P l a n t s of H u n g a r y . " 
Besides his educa t iona l and research work, as well as scient if ic public 
ac t iv i ty , he has always been pat ient a n d a t t en t ive w i t h his co-workers and s tu-
dents . M a n y of his H u n g a r i a n and fore ign s tuden t s can call him the i r mas te r . 
Several of his former co-workers and s t u d e n t s are t o d a y professors of var ious 
univers i ty d e p a r t m e n t s . 
T h e Hungar i an bo tan i s t s greet h i m with honour and love on t h e occasion 
of his 80 th b i r thday , a n d wish h im s t r e n g t h and h e a l t h for his f u r t h e r work . 
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Soil science and agrochemistry 
THE EFFECT OF SELECTED ORGANIC 
SUBSTANCES ON THE BEHAVIOUR OF WATER 
CONTAINED IN SOIL 
P . STASZCZUK 
D E P A R T M E N T OF PHYSICAL CHEMISTRY, FACULTY OF CHEMISTRY, 
MARIA CURIE-SKLODOWSKA UNIVERSITY, L U B L I N , POLAND 
( R e c e i v e d : 2 Apri l , 1990; accepted: 10 J u l y , 1990) 
This p a p e r p r e sen t s t h e r e s u l t s of inves t iga t ions of water b e h a v i o u r dur ing i ts 
f low t h r o u g h t h e m e m b r a n e s of loess samples, m o d i f i e d w i th d o d e c y l a m i n e hydro-
chlor ide (DDAHC1) a n d oleic a c id . T h e m e a s u r e m e n t s of wate r f i l t r a t i o n and sedi-
m e n t a t i o n t i m e , as well as t h e v o l u m e of water a n d sed imen ted soil, d e p e n d i n g on 
coverage degree of t h e surface w i t h t h e above m o d i f i e r s , were made . T h e conclusion 
is t h a t the a b o v e p a r a m e t e r s d e p e n d s t rongly on t h e n a t u r e of the s u b s t a n c e s investi-
g a t e d and on t h e m e c h a n i s m of soil su r f ace adsorp t ion . T h e subs tances f o r modi f i ca t ion 
m a y be used success ive ly to r e g u l a t e of t h e ra tes of p e n e t r a t i o n and f i l t r a t i o n of water , 
as well as e v a p o r a t i o n of wate r f r o m t h e soil. 
Keywords: loess m e m b r a n e s , o rgan ic subs tances , w a t e r f i lms, w a t e r pene t r a t ion 
In t roduct ion 
A modern agr icu l ture pract ice utilizes m a n y m e t h o d s of i m p r o v e m e n t of 
such physical p roper t ies of soil m e d i u m as soil s t ruc tu re , wa te r - a i r ra t ios , 
mechanica l propert ies , salt con t en t , etc. These m e t h o d s include mechan ica l 
t i l lage, liming, h y d r a t i o n and d e h y d r a t i o n , organic fert i l izat ion a n d d rop rota-
t ion . Tradi t ional m e t h o d s for the i m p r o v e m e n t of soil medium phys ica l prop-
ert ies are insuff ic ient fo r the condi t ions of p lan t p roduc t ion in tensi f ica t ion, 
because they require long- term use (Allison 1973). Modern agr icul ture lacks suf-
f i c i en t amoun t s of organic ferti l izers t o compensate f o r the difference in humus 
c o m p o u n d s and polysacchar ides ; a n d the s tabi l i ty of na tura l s t ruc tu re - fo rm-
ing substances con ta ined in the soil is low because of t h e rapid mineral iza t ion 
of these compounds b y microorganisms. 
A recent a t t e m p t to increase t h e effect iveness of t rad i t iona l methods , 
us ing t h e synthet ic s t ruc tu re - fo rming substances, h a s been observed (De Boldt 
1972). The use of t h e synthet ic subs tances should guaran tee t h e s tabi l i ty of 
fo rmed soil s t ruc tu re , a d v a n t a g e o u s changes of physical , physicochemical 
proper t ies of soils a n d prof i tab le economic-produc t ion effects. S imul taneously , 
these substances should be charac te r ized also b y v e r y slow decomposi t ion by 
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high ac t iv i ty in t h e soil. The soil p roper t i es descr ibed above m a y b e improved 
owing to the use of l inear polymers as well as o t h e r chemical subs t ances such 
as ion exchangers , surface ac t ive agen ts and d i f f e ren t indus t r ia l was te ma-
te r ia l s (Allison 1952). The inves t iga t ions of the use of synthet ic subs tances for 
p r o p e r t y i m p r o v e m e n t soil h a v e shown tha t t h e s e substances improve the 
s t r u c t u r e of soils ( re laxed soil does n o t undergo enc rus tmen t , su r face caking 
d i sappears ) and t h e i r wa te r capac i ty . This is because in t roduct ion of chemical 
s u b s t a n c e s into t h e soil induces c o m p l e x changes in physical and physico-chem-
ical proper t ies of t h e solid-liquid s y s t e m (Weyl a n d Ormsby 1960). The pres-
ence of hydrophob ic or hydrophi l ic substances on t h e surface of soil particles 
in f luences their mois turab i l i ty a n d t h u s determines the i r motions a n d retention 
in t h e sod. Depend ing on the t y p e of p repara t ion used, syn the t i c compounds 
cause t h e changes of intensi ty of w a t e r evapora t ion from t h e soil surface, 
w h e r e a s hydrophobic surface ac t ive agen t s cause t h e decrease of t h e r a t e of capil-
l a r y rise due to t h e format ion of a d r y surface l aye r , which acts as a diffusion 
ba r r i e r . 
T h e amount of wa te r re ta ined in t h e soil depends strongly on physico-chem-
ical proper t ies of t h e soil surface as wed as i ts mechanical composi t ion , pro-
f i le , e t c . (Low 1979; Low 1982). W a t e r contained in t h e soil possesses differen-
t i a t e d mobdi ty , depend ing on t h e degree of its b o n d i n g with t h e soil particles 
(Kowa l ik 1973). F o r this reason u n d e r di f ferent conditions m a n y possible 
s t a t e s of sa tu ra t ion of sod pa r t i c l e s with w a t e r can exist (S taszczuk and 
W a k s m u n d z k i 1982, Chibowski a n d Staszczuk 1988). The regu la t ion of water 
c o n t e n t in soil is one of the most i m p o r t a n t agr icu l tura l and d ra inage activities. 
T h e presence of polyelect rolyte emulsion po lymers or o t h e r substances 
a d s o r b e d on the su r face of sod pa r t i c l e s can change e i ther sorption proper t ies of 
soils, or their so rp t ion capaci ty (k inet ics of so rp t ion , its va lue a n d bonding 
energy) (Popiel and Zyla 1977, Lee Swartzen-Allen and Mat i jewic 1974). I t 
has been assumed in general (Dechn ik and Debicki 1977) t ha t t h e in t roduc t ion 
of n a t u r a l and syn the t i c compounds t h a t improve t h e soil proper t ies facdi ta tes 
t h e accessibility of nu t r i en t s to p l a n t s . Moreover, some of these c o m p o u n d s are 
also t h e source of t h e nutr ients . O w i n g to the i m p r o v e m e n t of soil propert ies, 
b e t t e r conditions of life appear f o r oxygen-requi r ing plants a n d a significant 
deve lopmen t of t h e bacter ia t hen t a k e s place. This f ac t was c o n f i r m e d by the 
inves t iga t ions of t h e CO, content in soils (Dechnik a n d Debicki 1977). Synthe-
tic p repara t ions , in t u r n , are charac te r ized by a v e r y high res i s t iv i ty against 
the ac t ion of microorganisms (to 5 years) whereas t h e na tura l organic sub-
s t ances are decomposed during 2 m o n t h s . 
T h e above f a c t o r s caused b y t h e action of syn the t i c c o m p o u n d s in the 
soil h a v e various e f f ec t s on p lan t c rops . These e f fec t s depend on t h e na tu re of 
soil a n d culture, as well as on t h e n a t u r e and concen t ra t ion of t h e compounds 
used. Appropr ia te p repara t ions m a y be used in t h e cul t ivat ion of sugar-beets 
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for t h e f avourab le concent ra t ion of t h e i r germinat ion , whereas in t h e cultiva-
t ion of po ta toes the presence of such p repa ra t ions accelerates the i r vege ta t ion 
and t h u s pe rmi t s an earlier harves t . 
Considering all these factors , i t c a n be concluded t h a t f u r t h e r invest iga-
t ions on t h e use of syn the t i c c o m p o u n d s to improve soil propert ies a r e timely 
and advisable . In th is connect ion, t h e p a p e r describes t h e effects of soil sample 
modi f ica t ion wi th dodecy lammonium hydrochlor ide and oleic ac id on the 
p a r a m e t e r s character iz ing the behav iou r of water du r ing its f low t h r o u g h the 
membranes , using soil samples. W i t h properly p r e p a r e d loess s amp le s the 
t ime of wa te r f i l t r a t ion and sample sed imenta t ion , as well as t h e vo lume of 
dra ined wa te r and sample sed imented soil were measured . 
Materials and methods 
Materials 
Measurements were carried out on loess samples , f rom the second outcrop i n Elizówka, 
near Lubl in , in t he u p p e r h u m u s layer (dep th 5—15 cm). D e t e r m i n e d by the n i t r o g e n thermal 
desorp t ion m e t h o d , t he specific surface a rea of loess was equa l to 24.8 m2/g. Loes s samples 
were dried before modi f ica t ion a t 105 °C for 10 hours in o rde r to remove t h e hygroscopic 
wate r . 
Reagents 
These reagents were used as the soil modi f i e r s : 
(a) Dodecy lamine hydrochlor ide (DDAHC.l) p repared f r o m nonaqueous e i the r solutions of 
app ropr i a t e a l iphat ic amines. 
(b) Analyt ica l grade oleic acid. 
(c) Analy t ica l grade m e t h a n o l was used as t h e solvent solut ions . 
Two solutions were used in our e x p e r i m e n t s : 
(a) Solut ion of dodecylamine hydrochlor ide in methanol conta in ing 2 4 . 7 x 10 5 moles of 
amine in 1 ml which referred to 5 g of loess sample of specif ic surface a rea of 24.8 m2/g 
corresponding to 1 s ta t is t ica l monolayer , assuming t h a t t h e area occupied b y 1 DDAHC1 
molecule is equa l to 25 Â2. 
(b) Solut ion of oleic acid in methanol con ta in ing 0.25 ml of acid (D = 0.8905 g/cm3) in 
10 ml of solution which referred to 5 g of loess sample of specif ic surface a rea of 24.8 m2/g 
corresponding to 1 s ta t is t ical monolayer fo rmed by oleic acid molecules, a s s u m i n g tha t 
t he area occupied by one molecule of ace t ic acid is e q u a l t o 25 Â2. 
Solut ions of dodecylamine hydroch lo r ide of concen t ra t ions corresponding t o 0.25, 0.5, 
0.75 and 1 of a s ta t is t ica l monolayer were u sed . 
The 5 g samples of loess were placed in t he glass bo t t l es a n d flooded w i t h t h e appro-
pr ia te a m o u n t (depending on the requi red coverage degree) of DDAHC1 alcohol ic solution. 
The solut ions wi th in each bot t le were f i l led u p to 10 ml, in o rder to create t h e same con-
di t ions of sp ray ing t he solut ions onto the loess surface. Af t e r carefu l mixing, m e t h a n o l was 
e v a p o r a t e d a t 50 °C, a n d t h e n the samples were dried in a d r y e r a t 50 °C for 3 hours . The 
dried samples were mixed every 30 minutes . A f t e r cooling, t h e bo t t l e s were closed a n d left for 
f u r t h e r inves t iga t ions . 
Oleic acid was sprayed in a similar w a y . Moreover, a s t a n d a r d sample (so-cal led "zero 
s ample" ) f looded only wi th 10 ml of pure m e t h a n o l was also p repa red . The s t a n d a r d sample 
was p repa red in the same w a y as the tes t s amples . 
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Methods 
Individual p a r a m e t e r s were d e t e r m i n e d for th ree s a m p l e s character ized b y an equal 
cove rage degree. Loess samples of the m a s s of 1.5 g were u s e d for invest igat ions. The measure-
m e n t s were made in a plexiglass column of 49 cm length a n d 7 mm diameter , equipped wi th 
a n y l o n wire, f lannel a n d needle of 7 cm l e n g t h and 1 m m d i a m e t e r . Before each measurement , 
t h e wal ls of the co lumn were carefully w a s h e d with wa te r , a n d rubbed dry before the a l ready 
p r e p a r e d sample was i n t r o d u c e d into t h e co lumn . Then t h e co lumn content was s tandard ized 
for 15 seconds by m e a n s of a vibrator . T h e column con ten t w a s flooded wi th 10 ml of distilled 
w a t e r f r o m the b u r e t t e i n such a manne r t h a t a t f i rs t w a t e r was dropped in o rder to p reven t 
c o l u m n aeration and t h e n i ts remaining p a r t was poured in . The m e a s u r e m e n t of f i l t ra t ion 
t i m e s t a r t e d at the m o m e n t of first d r o p e lut ion and e n d e d wi th the last d rop . The e luent 
was collected in the c y l i n d e r of 10 ml v o l u m e and af ter t h e elut ion, the vo lume of the e luted 
l iqu id was measured. A s t he next s tep, t h e samples i n v e s t i g a t e d were q u a n t i t a t i v e l y t r ans -
f e r r ed f r o m the co lumn t o the tes t - tube of 10 ml volume. T h e tes t - tube c o n t e n t was filled u p 
w i t h distil led water t o 10 ml and then t h e tes t - tube w a s s topped . Next , t h e t e s t - tube was 
i n v e r t e d 10 times, pos i t i oned vertically i n t h e tes t - tube s t a n d a n d the sed imen ta t ion t ime was 
m e a s u r e d . The stop w a t c h was tu rned o n a t the m o m e n t of positioning t h e tes t - tube a n d 
s t o p p e d immediate ly a f t e r clarification of t h e suspension. A f t e r the sed imen ta t ion was over , 
i t s v o l u m e was di rect ly measured . S e d i m e n t a t i o n time a n d v o l u m e were measu red 5 t imes for 
each sample before t h e ave rage values were calculated. 
Results and discussion 
Figure 1 p r e s e n t s the resul t s of the m e a s u r e m e n t s of f i l t r a t ion t ime 
o b t a i n e d for loess samples covered to a d i f fe rent degree wi th dodecylamine 
hydrochlor ide (cu rve 1) and oleic ac id (curve 2) i n t h e amounts corresponding 
to 0.25, 0.5, 0.75 a n d 1, of the s t a t i s t i ca l m o n o l a y e r sprayed on t h e surface. 
F r o m t h e data p r e s e n t e d in this f i g u r e it appea r s t h a t the f i l t r a t i o n t ime of 
10 m l water por t ion th rough a loess membrane increases monotonical ly , wi th 
t h e increase of cove rage degree of t h e surface wi th DDAHC1 f r o m 67 minutes for 
an unmodi f ied s ample , t o 248 m i n u t e s for the sample covered wi th one monolayer 
of DDAHC1. For oleic acid, the c u r v e i l lus t ra t ing the re la t ionship be tween 
f i l t r a t i o n time a n d coverage degree has a comple te ly different course (Fig. 1, 
c u r v e 2). The f i l t r a t i o n t ime of w a t e r a t ta ined t h e m a x i m u m for t h e soil sample 
cove red with 0.25 of t h e stat ist ical monolayer of oleic acid (153 min) and t h e n 
decreased to 28 m i n u t e s (for the s a m p l e covered w i t h 1 stat is t ical monolayer) , 
i.e. t o t h e value lower t h a n this o b t a i n e d for the " z e r o sample" (67 min). Thus , 
adso rp t i on of oleic ac id on the soil sur face in f luences different ly t h e behaviour 
of w a t e r in such a porous m e m b r a n e . If the a m o u n t of adsorbed oleic acid 
exceeds 0.5 of t h e s ta t is t ical mono laye r , then pene t r a t i on of w a t e r t h rough 
t h e porous m e m b r a n e becomes m o r e facile. F r o m t h e above measu remen t s of 
f i l t r a t i on t ime it r e s u l t s tha t the mechanisms of pene t ra t ion are di f ferent fo r 
b o t h cases considered. 
S imul taneous ly , t h e volume of water e lua ted f rom the c o l u m n was also 
m e a s u r e d . As in t h e case of f i l t r a t ion t ime, the measu remen t s of e lua te volume 
were m a d e for u n m o d i f i e d and m o d i f i e d samples. T h e average v a l u e of e luate 
for t h e unmodif ied s a m p l e was 9.15 ml . From Fig . 2 i t appears t h a t t h e increase 
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Fig. 1. T h e dependences of t he f i l t r a t ion t i m e U for the loess s a m p l e s covered w i t h DDAHC1 
(curve 1) and oleic acid (curve 2) vs. t he a m o u n t s of the s t a t i s t i ca l monolayer N sprayed on 
the soil surface 
Fig. 2. T h e relat ionship of t h e volume of t h e wa te r eluated Кн.О f ° r loess s amples covered 
with DDAHC1 (curve 1) a n d oleic acid (curve 2) and the a m o u n t s of the s tat is t ical monolayer 
N sprayed o n t h e soil surface 
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of coverage degree of DDAHC1 molecule surface (curve 1) caused a slight in-
c rease of the e l u a t e volume, a n d dur ing the f u r t h e r increase of t h e coverage 
degree , the e lua te volume decreased to 8.95 ml . F o r the soil s amples covered 
w i t h oleic acid (F ig . 2, curve 2) t h e course of t h e above re la t ionsh ip is com-
p l e t e l y different . F o r the c o n c e n t r a t i o n corresponding to 0.25 of t h e stat ist ical 
m o n o l a y e r of oleic acid the e l u a t e volume decreased to 8.8 ml a n d then in-
c r e a s e d a little m o r e t han t h a t o b t a i n e d for t h e p u r e (unmodi f ied) sample. I t 
s h o u l d be noted t h a t the presence of 0.25 s ta t i s t i ca l monolayer on t h e soil sur-
f a c e causes f o r m a t i o n of a soil m e m b r a n e which is t h e worst p e n e t r a t e d by t h e 
w a t e r (the longest f i l t ra t ion t i m e — Fig. 1, curve 2, and the lowes t eluate vol-
u m e — Fig. 2, c u r v e 2). On t h e o t h e r hand, t h e soil is t he m o s t permeable 
f o r t h e water w h e n the soil s u r f a c e is covered w i t h 1 s ta t is t ical monolayer of 
oleic acid. 
Af ter de te rmin ing the f i l t r a t i o n rate and vo lume of the w a t e r retained 
in t h e column, sed imenta t ion t i m e was measured. T h e inves t iga ted soil samples 
w e r e quan t i t a t i ve ly t ransferred t o a calibrated t e s t - t ube and f l o o d e d with 10 
m l of distilled w a t e r . After s t o p p e r i n g and i n v e r t i n g the t e s t - t u b e 10 t imes, 
t h e measu remen t s of sed imenta t ion t ime were m a d e . Five m e a s u r e m e n t s were 
m a d e for each s a m p l e and then t h e average va lues were ca lcu la ted . The aver-
age va lue of sed imenta t ion t i m e f o r the u n m o d i f i e d sample w a s 91 seconds. 
T h e dependence of sed imenta t ion t i m e on the coverage degree of loess surface 
f o r t h e samples covered with D D A H C 1 is p resen ted in Fig. 3 ( c u r v e 1) and for 
t h e samples covered with oleic ac id in Fig. 3 (curve 2). Figure 3 ( c u r v e 1) shows 
a po lyex t reme course of the c u r v e i l lustrat ing t h e changes of sed imenta t ion 
t i m e wi th the changes of coverage degree of loess surface with D D A H C 1 mole-
cu les . In a whole r a n g e of D D A H C 1 concent ra t ion , the values of sed imenta t ion 
t i m e for the samples covered w i t h DDAHC1 are higher than t h o s e of the un-
m o d i f i e d sample. T h e curve possesses two m a x i m a corresponding to 0.25 and 
0 .75 statist ical monolayer , and a min imum corresponding to 0.5 stat ist ical 
m o n o l a y e r . A s imi lar curve d e t e r m i n e d for oleic acid (Fig. 3, c u r v e 2) has a 
s l igh t ly different course . In this case t h e m a x i m u m of the curve corresponds to 
0 .25 statistical monolayer of oleic acid, and t h e n sedimenta t ion t ime values 
dec rease to the v a l u e s s ignif icant ly lower than t h o s e determined fo r the "pu re 
s a m p l e " of soil. J u s t a f te r c la r i f i ca t ion of the suspension the measu remen t s , of 
s e d i m e n t e d soil s amp le volume w e r e under t aken . Fo r the u n m o d i f i e d sample 
t h i s volume is 1.55 ml. Curve 1 in F igure 4 shows t h e exper imenta l results ob-
t a i n e d for the s a m p l e covered w i t h DDAHC1, a n d curve 2 in t h i s f igure those 
r e s u l t s obtained f o r t h e samples cove red with oleic acid. 
As in the case of sed imen ta t ion t ime (Fig. 3, curve 1) t h e c u r v e i l lustrat-
ing t h e changes of sed imenta t ion volume for t h e samples covered wi th 
D D AHC1 also shows a po lyex t reme course, whereas for the soil s a m p l e s covered 
w i t h oleic acid (F ig . 4, curve 2) t h e curve of t h e changes of sed imenta t ion 
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Fig. 4. Sed imenta t ion volumes Vs of t he loess samples covered with D D A H C 1 (curve 1) a n d 
oleic acid (curve 2) as a func t ion of t h e stat ist ical m o n o l a y e r N sp rayed on the soil su r f ace 
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vo lume is a m i r r o r image of t h e curve of t h e changes of sed imenta t ion t i m e 
(Fig . 3, curve 2). F rom Fig . 4 i t appears t h a t , for the coverage above, 0.5 
s tat is t ical m o n o l a y e r sed imenta t ion vo lumes of the modi f ied samples a re , in 
general , h igher t h a n those o b t a i n e d for " p u r e samples ." Th i s is p robably d u e 
t o the coagula t ion of the s amp le particles a n d in tu rn to adso rp t ion of D D A H C 1 
a n d oleic acid molecules. The in t e rp re t a t ion of t h e changes of these p a r a m e t e r s 
result ing f r o m adsorpt ion of DDAHC1 and oleic acid on t h e surface of such a 
complex s y s t e m as solid is v e r y difficult . T h e differences in the effect of ad-
sorpt ion of D D A H C 1 and oleic acid on t h e behaviour of w a t e r in the p o r o u s 
d iaphragms p r o b a b l y resul t f r o m dif ferent t ypes of adso rp t ion of b o t h sub-
stances and f r o m different o r ien ta t ion of t h e molecules on t h e surface, as well 
as f rom t h e differences in mechanism of adsorp t ion of t he se substances. T h e 
t y p e of o r i en t a t i on of t h e molecules of modi fy ing subs tances s igni f icant ly 
influences t h e na tu re of w a t e r in soil, t h e dep th of w a t e r pene t ra t ion , i ts 
dislocation a n d assimilation b y the p l a n t s . This in f luence manifests itself 
mainly in t h e fo rmat ion of a vicinal wa te r l aye r and its character is t ics ( th ick-
ness, s t ruc tu re , stabili ty) a n d in the b e h a v i o u r of the w a t e r contained in t h e 
capillaries a n d migrat ing a m o n g the soil pa r t i c l e s (Kowalik 1973). 
According to the r e c e n t concept ions (Staszczuk a n d Bilinski 1987a, 
1987b) a t re la t ive ly low coverages of t h e surface, i.e. a b o u t 0.25 s ta t i s t i ca l 
monolayer , DDAHC1 molecules adsorb o n t h e surface of hydrophi l ic solids 
th rough t h e i r own polar p a r t s (C 1 2 H 2 5 NH 3 ) +C1~ owing to chemical in t e rac t ions 
wi th the p o l a r active centers , whereas t h e hydroca rbon c h a i n is or iented out -
side the s a m p l e surface. On such a " h y d r o c a r b o n b r u s h , " t h e molecules of re-
ciprocal o r i en ta t ion can in t u r n adsorb, a n d owing to such adsorpt ion, h y d r o -
philic molecular clusters or macrocrys ta ls (Fig . 5 , a - l ) c a n fo rm. At low cover-
ages oleic acid adsorbs chemical ly on exchangeable ca t ions of soil su r face 
wi th the s imul taneous f o r m a t i o n of a " h y d r o p h o b i c b r u s h " consisting of dif-
ferent o leates (soaps) (Fig. 5, b-2). The above hypothes is can be c o n f i r m e d 
b y the resu l t s of measuring f i l t ra t ion t i m e and volume of w a t e r eluate passed 
through a soil membrane . A t coverage degrees close to 0.25, the mono laye r of 
DDAHC1 "hydroph i l i c b r u s h " of DDAHC1 does not m a k e t h e elution of w a t e r 
f rom the c o l u m n pract ica l ly diff icul t (for t h e covered samples the f i l t r a t i o n 
t ime is on ly slightly g rea te r t h a n for t h e " p u r e " s t a n d a r d sample — F ig . 1, 
curve 1, a n d t h e eluate v o l u m e slightly lower — Fig. 2, cu rve 1). H y d r o p h o b i c 
"soap b r u s h " in tu rn m a k e s in the same coverage degree t h e eluation of w a t e r 
f rom the c o l u m n diff icul t p robab ly owing t o format ion in the m e m b r a n e in-
terior, t he bar r ie r repulsive for the w a t e r molecules (Fig . 1, curve 2 — the 
longest f i l t r a t i o n t ime, F ig . 2, curve 2 — t h e lowest e lua te volume). T h u s , the 
significant increase of sed imen ta t ion t i m e (which is equ iva len t to the t i m e of 
clar if icat ion of the l iquid co lumn above t h e suspension) a t t he same coverage 
degree (0.25 monolayer) w i t h DDAHC1 (Fig. 3, curve 1) in compar i son to 
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Fig. 5. The schemat i c s t ructures of t h e DDAHC1 (a-1, c-1, e-1) and oleic acid (b-2, d-2) l a y e r s 
a d s o r b e d on loess su r f ace 
sedimenta t ion t i m e for the sample covered w i th oleic acid (Fig. 3, curve 2) 
reveals the pept iza t ion of colloidal particles contained in t h i s sample. 
The adsorp t ion of other molecules of DDAHC1 and oleic acid is p robab ly 
of a physical n a t u r e with a reciprocal or ienta t ion of the molecules (Fig. 5, c-1, 
d -2 ) . Owing to t h e format ion of a "hydrophob ic b r u s h " (Fig. 5, c-1) t h e 
molecules of DDAHC1 make signif icant ly d i f fe ren t the f low of water t h rough 
t h e membrane (Fig. 1, curve 1 — increase of f i l t ra t ion t ime, Fig . 2, curve 1 — 
decrease of the e lua te volume). I n the case of oleic acid the presence of a " h y -
drophilic b r u s h " (Fig. 5, d-2) causes the decrease of the f i l t r a t ion t ime (Fig. 
1, curve 2) and eluate volume (Fig. 2, curve 2) and in th i s connection facili-
t a t e s the flow of t he water t h r o u g h the sample . Otherwise, t h e inflections of 
t h e curves (Fig. 3, curve 1, a n d Fig. 4, curve 1) are probably connected wi th a 
repea ted reor ientat ion of adsorp t ion layer of DDAHC1 on t h e soil surface. 
T h e sharp decrease of sed imenta t ion time (equivalent to t h a t of clarif ication 
of wa te r column — Fig. 3, cu rve 2) reflects t h e coagulation of small part icles 
leading to the fo rmat ion of l a rger aggregates a n d to the d isappearance of t h e 
surface charge (Fig . 5, e-1). 
Summary 
On the basis of t he above inves t iga t ions it can be s t a t ed tha t all p a r a m e t e r s charac te r -
izing t he behaviour of water in p o r o u s diaphragms of soil samples, m o d i f i e d with DDAHC1 
a n d oleic acid, d e p e n d on the n a t u r e of the substances , adsorpt ion t y p e a n d or ienta t ion of 
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t he molecules on the surface. Chemisorpt ion wi th hydrophil ic (DDAHC1) and h y d r o p h o b i c 
(oleic acid) o r ien ta t ion mos t s igni f icant ly inf luences t he above p a r a m e t e r s . Wi th t h e increase 
of the modif ier concent ra t ion on t h e soil surface, t he modifier molecules undergo reor i en ta t ion 
leading to t h e fo rmat ion of a hydroph i l i c or h y d r o p h o b i c " b r u s h " . T h i s is reflected in t h e fo rm 
of the inf lect ions on the curves i l lus t ra t ing the dependence of the c h a n g e of individual p a r a m -
eters wi th t he increase of t he coverage degree. 
W h e n t he a m o u n t of a d s o r b e d water exceeds 0.5 of a s t a t i s t i ca l monolayer , t h e n the 
f low of water t h rough the soil s amp le s ignif icantly decreases, whereas t h e adsorpt ion of above 
0.75 of a s ta t i s t ica l monolayer of oleic acid i m p r o v e s the p e n e t r a t i o n of water t h r o u g h the 
sample. The above conclusions c a n also have a p rac t i ca l appl icat ion in agriculture because of 
t he possibilities of regulat ion of t h e r a t e of w a t e r pene t ra t ion a n d f i l t r a t i on th rough t h e soil 
bed, as well as t he ra te of i t s evapora t ion , us ing DDAHC1 or oleic acid. They can be also 
helpful in t he e laborat ion of m e t h o d s p reven t ing enc rus tmen t of soil, utilizing t h e above 
substances a t appropr ia te concen t ra t ions . 
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THE EFFICIENCY OF THREE COMMON EXTRACTION 
METHODS USED AS SOIL PHOSPHATE-TESTING 
FOR MAIZE GROWN IN SANDY SOILS 
A . A . E L - A S H T A R , J . S A R K A D I a n d B . T H A M M 
R E S E A R C H INSTITUTE F O R SOIL SCIENCE A N D AGRICULTURAL CHEMISTRY 
OF T H E H U N G A R I A N ACADEMY OF SCIENCES, BUDAPEST, H U N G A R Y 
(Rece ived: 13 J u n e , 1990; a c c e p t e d : 1 N o v e m b e r , 1990) 
S u r f a c e samples ( 0 - 2 0 cm) of s a n d y soil selected f r o m 4 s i tes va ry ing i n t h e i r 
P - s t a t u s a n d CaC0 3 c o n t e n t s were t r e a t e d w i t h P- fe r t i l i ze r a s C a ( H 2 P 0 4 ) 2 • H 2 0 
so lu t ion a t r a t e s of 0, 20, 40 , 80 and 160 m g P kg 1 soil a n d i n c u b a t e d for 0 , 3 a n d 
6 m o n t h s . T h e n soils w e r e c r o p p e d in g r e e n h o u s e wi th m a i z e (Zea mays L.). T h e d r y 
m a t t e r , P - c o n t e n t and P - u p t a k e by ma ize t o p s were d e t e r m i n e d and cor re la ted w i t h 
t he r e s u l t s of chemical soil t e s t s (AI,-, Olsen- a n d w a t e r - m e t h o d s ) . 
Q u a n t i t i e s of P e x t r a c t e d by t he t h r e e m e t h o d s w e r e s ign i f i can t ly c o r r e l a t e d 
w i th d r y m a t t e r , P - c o n t e n t a n d P - u p t a k e b y m a i z e tops w h e n n o P-fer t i l izer w a s a d d e d . 
In t he m e a n of all r a t es of a p p l i e d p h o s p h a t e , Olsen- and w a t e r - e x t r a c t e d - P p r o d u c e d 
h igher co r re l a t ion c o e f f i c i e n t s only w i th P - c o n t e n t in m a i z e t ops . Conce rn ing t h e 
r e l a t i o n s h i p s of P - c o n t e n t in soil and p l a n t w i t h incuba t ion p e r i o d s , Olsen a n d w a t e r 
e x t r a c t a b l e - P have r e l a t i v e l y higher R - v a l u e s t h a n A L - e x t r a c t a b l e - P for all i n c u b a t i o n 
per iods . T h e soil samples w e r e sepa ra t ed i n t o t w o groups . T h e f i r s t g roup was c h a r a c t e r -
ized b y n o C a C 0 3 c o n t e n t . T h e second g r o u p h a d a m o d e r a t e a m o u n t of C a C 0 3 . T h e 
t h r e e m e t h o d s p roduced a b e t t e r p red ic t ion f o r P - a v a i l a b i l i t y f o r t he f i r s t g r o u p t h a n 
for t h e s e c o n d group . T h e re su l t s of t h e e s t i m a t i o n of a v a i l a b l e - P f rom c h e m i c a l soil 
t e s t s a p p e a r to be d e p e n d e n t on soil c h a r a c t e r i s t i c s , i n c u b a t i o n period a n d P - l eve l 
app l i ed . T h e wate r a n d O l s e n - m e t h o d s m a y b e more a d v a n t a g e o u s in t he p r e d i c t i o n 
of a v a i l a b l e - P t h a n the A L - m e t h o d in t he s l i g h t l y alkal ine soils. 
K e y w o r d s : maize , Zea mays, P - n u t r i t i o n , P - u p t a k e , soil ex t r ac t ion m e t h o d s 
In t roduct ion 
Soil- test ing procedures have been used with va r ious success, to de te r -
mine the phospho rus s t a t u s of soils and to assis t in p repa r ing r ecommenda t ions 
for phosphorus fertilizer use . There have been considerable ef for ts to d e t e r m i n e 
the re la t ionships between phospha te desorbed (i.e. soil t e s t values o b t a i n e d 
b y various e x t r a d a n t s a n d yields) and P - u p t a k e to e s t i m a t e the cri t ical t es t 
values for o p t i m u m yield of crop for a pa r t i cu l a r set of soil. 
E x t r a c t i o n procedures are regarded as being su i t ab le if they success-
fully p red ic t responses a n d are suf f ic ien t ly simple to he used on a r o u t i n e 
basis (Sorn e t al. 1988). H o w e v e r , a large n u m b e r of e x t r a d a n t s can be g r o u p e d 
according to Sarkadi (1965) as follows: (a) mineral acids a n d their salts, (b) or-
ganic acids a n d their sal ts , (c) bases and sa l t s hydrolizing basically, and f ina l ly , 
(d) wa te r a n d neutra l sal ts . I t has been suggested t h a t a n ideal soil tes t e x t r a c t -
a n t will dissolve a reproducib le and cons i s ten t p ropor t ion of the labi le-P, and 
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in addi t ion i t will reflect t h e ex ten t and n a t u r e of reac t ion between t h e soils 
and any fer t i l izer phospha te t h a t may b e added (Thomas a n d Peaslee 1973). 
Acid e x t r a d a n t s such as a m m o n i u m lac ta te (AL) are superior fo r ex-
t rac t ing t h e f ixed pa r t of fert i l izer-P f r o m t h e soil. I n calcareous soils t h e 
available P- reserves are overes t imated b y t h e AL-method , b u t they are bes t 
shown by t h e Olsen-method (Balla 1978). I t has also been recent ly d e t e r m i n e d 
t h a t the q u a n t i t i e s of p h o s p h a t e ex t rac ted b y N a H C 0 3 we re s ignif icant ly cor-
re la ted wi th t h e to ta l phospho rus taken u p b y the crop ( T r a n Sen and Gi roux 
1987, Kuo e t al. 1988, a n d So ra et al. 1988). I n cont ras t , Hol ford and Cullis 
(1985) f o u n d t h a t the l a c t a t e tes t was super ior and t h e N a H C 0 3 - t e s t was 
inferior to o t h e r soil tes ts . 
A d e p o j u et al. (1982) suggested t h a t t h e es t imat ion of avai lable-P f r o m 
soil analysis d a t a might be dependen t on soil character is t ics (pH, soluble Ca, 
t e x t u r e . . . , etc.) . While Ho l fo rd (1983) observed t h a t t h e N a H C 0 3 t e s t was 
t h e most e f fec t ive , and t h e Mehlich tes t w a s the least ef fect ive , on all soils 
s tudied regardless of so rp t iv i ty or p H of t h e soils. 
Wa te r - ex t r ac t i on of soi l-P is one of m a n y empirical soil-testing proce-
dures used b y several workers (Van der P a a u w 1971, R y d e n et al. 1977, Lus -
combe et al . 1979 and Sora e t al. 1988), w h o found t h a t t h e wa te r -ex t r ac t ion 
me thod is n o t great ly a f f ec t ed by soil t y p e . I n cont ras t , Smi th and Gregg 
(1982) r epo r t ed t h a t wa te r -ex t rac tab le P was dependent on soil t y p e . T h e 
object ive of t h i s s tudy was t o evaluate t h e eff ic iency of AL- , Olsen- and w a t e r -
ex t rac t ion as soil-testing procedures for P a n d to correlate these chemical soil 
t e s t s with quan t i t i e s of P r e m o v e d by maize and with i ts d r y ma t t e r yie ld as 
af fec ted b y soil character is t ics , t ime and P- leve l applied. 
Materials and m e t h o d s 
Four s a n d y soils varying in t he i r CaC0 3 a n d phosphorus c o n t e n t s were collected f r o m 
t h e surface hor izon (0-20 cm) of t h e exper imenta l f a r m of the Res. I n s t , f o r Soil Sei. a n d Agr ic . 
Chem. at Ő r b o t t y á n in H u n g a r y . Some chemical a n d physical p rope r t i e s of these soils a re 
given in Table 1. T h e soils were a i r -dr ied , sieved (2 m m ) , and divided i n t o 3 equal p a r t s . T h e 
Table 1 
Some physical and chemical properties of the soil samples 
Soil 
n u m b e r 
Pre-
vious 
fertili-
zation 
A L - P Olsen-P 
MG 1 
H „ 0 - P 
kg 
A L - K 
AL-Ca 
% 
p H 
(KCl) 
H u m u s 
% 
CaCO, 
% 
P a r t i c l e size d i s t r ibu t ion 
Coarse Fine
 g U t c , 
s a n d sand о/ о/ 
о,
 0 / /о /0 /о /о 
l 0 1 7 7 0 4 2 0 . 1 0 6 . 8 0 . 4 5 0 . 0 4 6 . 4 4 5 . 9 5 . 2 2 . 5 
2 N P K 8 3 4 8 2 4 1 2 5 0 . 0 9 6 . 1 0 . 4 5 0 . 0 4 1 . 0 5 0 . 3 7 . 0 1 . 7 
3 0 3 2 7 0 4 2 1 . 9 0 7 . 8 0 . 2 4 6 . 1 5 2 . 2 4 5 . 5 2 . 2 0 . 1 
4 N P K 1 1 4 3 6 1 6 1 0 0 2 . 7 0 7 . 8 0 . 3 0 7 . 8 5 3 . 0 4 2 . 9 3 . 8 0 . 3 
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f i r s t p a r t was mixed w i t h 0, 20, 40, 80 a n d 160 mg P • k g " 1 soil as C a ( H 2 P 0 4 ) 2 • H 2 0 as a 
solut ion plus 10 ml 1 % orthocide so lu t ion as a d i s in fec tan t . This pa r t was incuba ted for 
6 m o n t h s . Af ter 3 m o n t h s , the second p a r t was t rea ted w i t h t he above-ment ioned p h o s p h a t e 
and or thocide doses a n d incuba ted for 3 m o n t h s . The th i rd p a r t was stored w i t h o u t t r e a t m e n t . 
E a c h t r e a t m e n t was d o n e wi th 3 repl icates . The f i rs t and second soil pa r t s were incuba ted in 
open t r a y s a t about 25 °C. The soil mo i s tu re was raised t o 6 0 % of the f ield capac i ty of each 
soil a n d ad jus ted e v e r y 2 to 3 days gravimet r ica l ly w i t h distilled water . Composi te samples 
were t a k e n before a n d a f t e r 3 and 6 m o n t h s f rom each of t he two i n c u b a t e d soil series 
for chemical analyses. A t t h e end of t he incuba t ion per iod of t he two above-ment ioned series 
of t h e soil samples, t h e th i rd pa r t was t r e a t e d wi th t h e earl ier ment ioned p h o s p h a t e a n d 
or thoc ide quant i t ies a n d composite s a m p l e s were also t a k e n f r o m i t . The i n c u b a t e d soils were 
a i r -dr ied and crushed t o pass th rough a 2 m m sieve. 
E a c h t r e a t m e n t received a basal dressing of N a n d К as solutions of ( N H 4 ) 2 S 0 4 a n d 
K N O j a t ra tes of 83.3 a n d 125 mg k g " 1 soil, respect ively . Then a un i fo rm weight of each 
t r e a t m e n t (1.8 kg) was in t roduced i n t o 2 l i ter plastic po t s . E igh t seeds of maize (Zea mays L. , 
Pi-3901 hybr id) were sown and th inned t o 5 p lants /pot a f t e r germinat ion. The p o t s were i r r igat-
ed w i t h distilled w a t e r t o abou t 6 0 % of t h e field capac i ty of each soil. The same doses of N 
and К were added 3 t i m e s during cu l t iva t ion . The expe r imen t design was a spl i t -spl i t -p lot . T h e 
p l a n t s were ha rves ted a f t e r 30 days f r o m sowing, washed and oven dried a t 45°C. P l a n t 
t issue samples were d iges ted with concen t r a t ed H 2 S 0 4 a n d 3 0 % H 2 0 2 ( T h a m m 1973). P was 
m e a s u r e d colorimetrical ly in 4 ml of t h e digested samples , using v a n a d a t e - m o l y b d a t e as 
descr ibed by T h a m m et al. (1968). C a C 0 3 % of soils was de termined b y calc imeter m e t h o d 
(Page e t al. 1982), O.M. was de te rmined b y wet -ox ida t ion procedure ( J a c k s o n 1958), soil 
p H was determined in 1.0 n KCl (1:2.5) a n d the par t ic le size d is t r ibut ion was de te rmined b y 
t he p i p e t t e method (B lack 1965). E x t r a c t a b l e - P f rom soils was determined b y (a) a m m o n i u m -
lac ta t e -ace ta t e solut ion (AL) according t o E g n é r - R i e h m - D o m i n g o (1960). P was de te rmined 
colorimetrical ly by ascorb ic acid and t in I I . chloride (Sa rkad i et al. 1965), К and Ca were 
de t e rmined in the s a m e ex t rac t by a t o m i c absorpt ion, (b) 0.5 M N a H C 0 3 , p H 8.5 according 
to Olsen e t al. (1954) a n d (с) distilled w a t e r containing 0 . 0 1 % polyacrylic a m i d e according to 
the m e t h o d of Van de r P a a u w and Sissingh (1969), and Schachtschabel (1966) by the modi-
f i ca t ion of Sarkadi . 
Results and discussion 
D a t a for t h e P ext rac ted b y AL-, Olsen- a n d wa te r -me thods f rom soil 
samples taken before and af te r i ncuba t ion for 3 a n d 6 months a re presented in 
Table 2. The quan t i t i e s of P e x t r a c t e d b y A L ext rac t ion were consis tent ly 
g rea te r t h a n those ex t r ac t ed b y e i the r the Olsen or t h e water ex t r ac t ion . The wa-
t e r - m e t h o d e x t r a c t e d almost t h e lowest quant i t i es of P . Generally t h e quan t i t i es 
of ex t r ac t ed -P b y t h e three ex t r ac t ion t echn iques decreased w i th increasing 
t h e incubat ion t i ^ ie u p to 6 m o n t h s , except t h a t AL-ex t r ac t ed -P remained 
nea r ly cons tant , a n d showed a smal l increase du r ing the second period of in-
c u b a t i o n which ind ica tes a desorp t ion of P due t o t h e strong ex t r ac t ive power of 
t h e A L solution. T h e decrease in ex t rac tab le P a f t e r incubat ion in all soils was 
largest for the w a t e r ext rac t ion . T h e wa te r -ex t rac tab le P was decreased b y 
a b o u t 37,34, 44 a n d 5 2 % in soils 1, 2, 3 and 4, respect ively, a f t e r 6 mon ths of 
incuba t ion .Af te r t h e same period t h e AL-ex t r ac t ab le P decreased only by 7 
and 8 . 5 % in soils 1 and 2 (non-calcareous soils), and by 5 a n d 0 . 6 % in soils 
3 a n d 4 (calcareous soils), resp. Otherwise, t h e Olsen ex t rac t ion me thod was 
more suitable to show the r educ t ion in e x t r a c t a b l e - P in calcareous soils (soils 
3 a n d 4) t han in non-calcareous soils (soils 1 a n d 2). Quant i t ies of e x t r a c t e d - P 
were reduced b y a b o u t 20, 10, 23.4 a n d 22 .5% in soil 1, 2, 3 and 4, respect ively . 
These results agree wi th those r epor t ed by Bal la (1978): The same da t a also 
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Table 2 
The mean averages of extractable-P by AL, Olsen and water solvents as affected by the incubation 
periods in mean of all P-levels 
Incubation 
period 
SoU 
L S D 5 % Mean 
(months) 1 2 3 4 
AL-P mg/kg soil 
0 57 130 79 165 2 108 
3 51 117 76 162 3 101 
6 53 119 75 164 3 103 
LSD5 ? . 3 3 3 3 2 
Mean 54 122 
Olsen-P 
77 
mg/kg soil 
163 104 
0 35 78 47 80 2 60 
3 29 72 39 67 2 52 
6 28 70 36 62 3 49 
LSD5 % 2 2 3 2 1 
Mean 31 73 
Water -P 
41 
mg/kg soil 
70 54 
0 27 53 36 50 1 41 
3 18 39 25 32 1 28 
6 17 35 20 24 2 24 
LSD5 % 2 2 2 2 1 
Mean 20 42 27 35 31 
reveal t h a t the decrease in ex t r ac t ed -P b y the Olsen- and wa te r -me thods was 
h igher in t h e soils 2 and 4 which previous ly received ferti l izer-P c o m p a r e d to 
t h e corresponding decrease in e x t r a c t e d - P in the unfer t i l ized soils (soils 1 and 
3). I t can be concluded f r o m the a b o v e results t h a t wa te r ex t r ac t i on is the 
mos t effect ive m e t h o d to i l lustrate t h e effect of i ncuba t ion t ime on quan t i t i e s 
of P ex t r ac t ed f r o m t h e four s tudied soils regardless of their P - s t a t u s and 
C a C 0 3 conten ts . This f ind ing agrees xvith those of Van der Paauw (1971), Ryden 
et al. (1977) and Sorn et al. (1988). 
D a t a in Table 3 show t h a t the a m o u n t s of ex t r ac t ab l e -P ob t a ined by the 
t h r ee e x t r a c t a n t s a n d for all the four s tud ied soils were s ignif icant ly increased 
wi th increasing the r a t e of phosphorus applied u p to 160 mg/kg soil. I t can 
be seen f r o m t h e same tab le t h a t t h e a m o u n t s of ex t r ac t ed -P f r o m various 
soils were a f fec ted b y t h e t ype of t h e e x t r a d a n t used, despite the m a r k e d dif-
ferences exist ing be tween the inves t iga ted soils in the i r CaC0 3 and P -co n t en t s . 
The m e a n averages of ex t r ac t ab le -P were 60, 23 a n d 9 mg/kg soil w h e n no 
p h o s p h a t e was added , and these va lues increased to 181, 106 and 69 mg/kg 
soil, respect ively, a t P- level of 160 mg/kg soil. 
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Table 3 
The mean averages of extractable-P by AL, Olsen and water solvents 
as affected by P-levels in mean of all incubation periods 
P-level 
mg/ltg Mean 
AL-P mg/kg soil 
0 16 80 32 112 60 
20 28 92 46 127 73 
40 39 110 60 145 89 
80 65 133 89 180 117 
160 119 194 159 253 181 
Mean 54 122 77 163 104 
Olsen-P mg/kg soil 
0 6 47 6 33 23 
20 13 57 16 45 33 
40 19 64 27 58 42 
80 37 85 53 83 65 
160 77 115 101 129 106 
Mean 31 73 41 70 54 
Water -P mg/kg soil 
0 0 22 0 13 9 
20 5 29 9 21 16 
40 13 37 18 27 24 
80 28 50 35 43 39 
160 57 74 73 72 69 
Mean 20 42 27 35 31 
To expla in t h e re la t ionsh ips between d r y ma t t e r , P - c o n t e n t and P - u p t a k e 
b y maize tops a n d the e x t r a c t a b l e - P b y A L - , Olsen- a n d wa te r -me thods , t h e 
values of q u a d r a t i c regression analysis (R) g a v e bet ter r e su l t s t han the s imp le 
correlat ion coeff ic ient (r) in t h i s s tudy. 
Quadra t i c correlat ion coeff icients (R) fo r the re la t ionships be tween d r y 
m a t t e r , P - c o n t e n t and P - u p t a k e by maize p l a n t s and P - e x t r a c t i o n b y A L - , 
Olsen- and wa te r -me thods were calculated a n d presented in Tab le 4. Regress ion 
analysis of dry m a t t e r , P - c o n t e n t and P - u p t a k e b y maize, w i t h t h e three m e t h o d s 
of ex t rac t ion , p roduced h ighe r coefficients fo r the soils w i t h o u t a p p l i e d - P 
(column 1) t h a n for those w i t h applied-P in t h e mean of all r a t e s of app l i ca t ion 
a n d for all i ncuba t ion per iods. T h e decrease in t h e R-value d u e to P supply w a s 
grea te r for d r y m a t t e r t h a n fo r P-con ten t a n d P - u p t a k e in all e x t r a c t i o n 
m e t h o d s used. R-va lues for t h e re la t ionships between A L - P and dry m a t t e r 
P -con t en t and P - u p t a k e were always the lowes t . The cor re la t ion coef f ic ien ts 
(R) for the re la t ionship b e t w e e n water -P a n d P-con ten t i n maize exh ib i t ed 
t h e smallest decrease due t o P-appl ica t ion . Regression coef f ic ien ts of t h e re la -
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Table 4 
Quadratic regression coefficients (R) for the relationship between dry matter, P-content and P-uptake 
by maize tops and P-extraction by AL-, Olsen- and water-methods 
Soil № 1-4 1 - 4 1 -4 1 -4 1 - 4 1-2 3 - 4 
P-level (mg/kg soil) 0 0-160 0-160 0-160 0-160 0-160 0 -160 
Incubat ion period 
(month) 0-6 0 - 6 0 3 6 0-6 0 - 6 
N u m b e r of samples (n) 36 180 60 60 60 90 90 
У 
X R 
D r y matter A L - P 0.91 0.53 0.59 0.57 0.49 0.73 0.57 
weight Olsen-P 0.95 0.63 0.66 0.68 0.61 0.73 0.62 
H , O - P 0.95 0.60 0.67 0.66 0.64 0.69 0.57 
P-content A L - P 0.80 0.65 0.64 0.68 0.66 0.92 0.67 
/о Olsen-P 0.87 0.80 0.79 0.81 0.80 0.92 0.80 
H 2 O - P 0.89 0.84 0.82 0.82 0.87 0.92 0.83 
P-up take A L - P 0.88 0.61 0.60 0.63 0.60 0.91 0.74 
Olsen-P 0.94 0.73 0.72 0.75 0.74 0.90 0.79 
H , O - P 0.94 0.74 0.73 0.73 0.80 0.88 0.76 
t ionships of A L - , Olsen- a n d w a t e r - e x t r a c t a b l e P with d r y ma t t e r , P - c o n t e n t 
a n d P - u p t a k e b y maize be fo re and af ter i n c u b a t i o n were compared . T h e d a t a 
reveal t ha t t h e r e are no m e a s u r a b l e d i f ferences in the regress ion in tens i ty w i t h 
increasing i n c u b a t i o n per iod, except the m a r k e d decresse f o r the re la t ionsh ip 
of dry m a t t e r w i t h AL-P a n d Olsen-P v a l u e s , and the increases for t h e re la-
t ionship of P - c o n t e n t and P - u p t a k e wi th w a t e r - P values. T o compare regres-
sion coeff ic ients of re la t ionships of e x t r a c t a b l e - P with each p lan t p a r a m e t e r 
a t all i n c u b a t i o n periods a n d P-levels, t h e soils were s e p a r a t e d into g r o u p s . 
T h e f i rs t g r o u p was charac te r ized by t h e absence of C a C 0 3 , and t e n d e d to 
h a v e a re la t ive ly low p H a n d low soluble Ca. T h e second g r o u p had a m o d e r a t e 
a m o u n t of C a C 0 3 , tending t o h a v e re la t ive ly high p H and soluble Ca. T h e d a t a 
show tha t t h e in tens i ty of t h e regression coefficients fo r all three e x t r a c t i o n 
methods w i t h a n y of the p l a n t pa rame te r s were higher in t h e f i rs t g roup t h a n 
in the second group. The R-va lues for t h e second g roup were always lower 
w i t h AL-P t h a n with Olsen-P or wa te r -P w i t h all p l an t pa rame te r s , whi le in 
t h e first g roup , R-values were slightly h i g h e r for AL-P a n d Olsen-P t h a n for 
water-P. H o w e v e r , the regress ion analysis of P-conten t in maize with e x t r a c t -
ab le-P by all t h e ext rac t ion m e t h o d s p r o d u c e d in the f i r s t g r o u p an equal ly h igh 
R-value (0.92). The da ta i n d i c a t e t ha t t h e t h r e e methods of P -ex t rac t ion give 
a be t te r p red ic t ion for P avai labi l i ty in t h e slightly ac id sandy soils, w h e n 
CaC0 3 was a b s e n t , t han in t h e calcareous soils where Olsen- or w a t e r - m e t h o d s 
were more e f fec t ive to serve th i s purpose. T h u s , the e s t i m a t i o n of ava i l ab l e -P 
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f r o m chemical soil t e s t appears t o depend on soil character is t ics , t ime of 
i n c u b a t i o n and P - supp ly . These f i nd ings agree wi th m o s t i tems of l i t e r a t u r e in 
the i n t roduc t ion . 
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EFFECT OF NPK-FERTILIZATION AND SPLIT 
APPLICATION OF N ON LODGING DUE 
TO WINDSTORM AND "HARVESTABLE" 
GRAIN YIELD OF MAIZE 
P . CSATHÓ 
R E S E A R C H INSTITUTE FOR SOIL SCIENCE A N D AGRICULTURAL CHEMISTRY 
OF T H E HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST, H U N G A R Y 
(Received: 13 A p r i l , 1990; accep ted : 20 J u n e , 1990) 
I n 1 4 - 1 5 yea r field e x p e r i m e n t s , t he e f fec t of N P K - f e r t i l i z a t i o n a n d N a p p l i e d 
a t d i f f e r en t t i m e s was s tud ied o n ma ize p l an t s f o r the i r d e v e l o p m e n t a t the 4 - 6 leaf 
s tage , lodg ing d u e to w i n d s t o r m , a n d grain y ie ld . T h e maize was sown a t a dens i t y of 
60,000 p l a n t s / h a , and d e p t h of 7 c m , on ca lca reous chernozem soil ( 2 0 % sand, 4 0 % 
loess-like p o w d e r , 2 0 % silt , 2 0 % clay) , or iginal ly m o d e r a t e l y supp l i ed w i t h N a n d K , 
a n d poo i ly supp l ied wi th P a n d Zn . A t the t i m e of f lowering m a i z e w a s lodged b y a 
s t o rm l a s t ing 25 minu tes w i t h 80 t o 90 k m / h windb la s t s . The e x t e n t of g rad ing fo r 
lodging w a s ca r r i ed out on n e t p l o t s pr ior to h a r v e s t . 
On e a c h p lo t , the e x t e n t of cr i t ical lodging, i .e. t h e pe rcen tage of p l a n t p o p u l a -
t i on lodged t o 70° or more, w a s ca lcu la t ed , too. P i o n e e r SC 3901 h y b r i d w i th exce l len t 
s t a lk f i r m n e s s d id not lodge on a c c o u n t of t h e w i n d s t o r m . 
Szegedi SC 444 hybr id s h o w e d the g rea t e s t lodging and c r i t i ca l lodging ( > 7 0 ° ) 
in t h e a b s o l u t e control ( N 0 P 0 K 0 ) a n d in t h e К def ic ient (N = 250 ; P 2 0 5 = 150; 
K 2 0 = 0 k g / h a ) t r e a t m e n t s . L o d g i n g was r e l a t i v e l y great on t h e P control p lo t s 
(N = 150; K 2 0 = 100; P 2 0 6 = 0 kg /ha ) alike. 
I n c r e a s i n g doses of P 2 0 5 ( 5 0 - 2 0 0 kg /ha) a n d pa r t i cu l a r ly of K 2 0 (100-200 k g / h a ) 
r educed t h e degree of lodging a n d t h e r a t e of c r i t i ca l lodging, w h e r e a s higher ( 2 0 0 -
250 kg /ha ) doses of N caused i nc r ea sed lodging. D i v i d i n g N in to t w o ha lves (1/2 N in 
a u t u m n , 1/2 N in spring, be fo re sowing) also inc reased the degree of lodging, as com-
pa red w i t h t h e t r e a t m e n t g iven t h e t o t a l N in a u t u m n . 
A b e t t e r s tage of ear ly d e v e l o p m e n t of t h e p l a n t s resu l ted in a lower r a t e of 
lodging. Mere ly K-cont ro l p lo t ( N = 250; P 2 0 5 = 150; K 2 0 = 0 k g / h a ) was an excep-
t ion where lodg ing was m u c h m o r e v igorous as c o m p a r e d to t h e s t a g e of d e v e l o p m e n t 
of t h e p o p u l a t i o n . 
T o t a l g ra in yield of Szegedi SC 444 h y b r i d increased u p to N = 150, P 2 0 5 = 50 
(100), K 2 0 = 100 kg/ha levels. R a t e s of 200-250 k g / h a N and 1 5 0 - 2 0 0 kg/ha P 2 0 5 
(above 200-250 mg/kg A L - P 2 O s c o n t e n t ) a l r eady decreased yield b y 0.4 to 1.0 t / h a . 
P ioneer SC 3901 hybr id gave a s imi la r response to N P K - o v e r f e r t i l i z a t i o n . 
" H a r v e s t a b l e " grain y ie ld b y combine (de f ined as t h a t of t h e p o p u l a t i o n lodged 
less t h a n 70°) of Szegedi SC 444 h y b r i d was t h e h i g h e s t a t the fo l lowing levels: N = 50 
(150), Р 2 О б = 100 (150), K „ 0 = 100 kg/ha . O n p lo t s given no p o t a s s i u m , the " h a r -
v e s t a b l e " yield was only half of t h a t received p o t a s s i u m in an a d e q u a t e level. Dis t r ibu-
t ion of N (1/2 i n a u t u m n , 1/2 i n spr ing) resul ted in a lower " h a r v e s t a b l e " yield t h a n 
w h e n giving t h e t o t a l N in a u t u m n . 
Keywords: lodging, w i n d s t o r m , maize, n i t r o g e n , phosphorus , p o t a s s i u m , d is t r i -
b u t i o n of n i t r o g e n 
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In t roduc t ion 
No exper imenta l d a t a can be f o u n d in H u n g a r i a n papers concerning 
the connec t ion be tween damages caused b y spring a n d summer s t o r m s and 
the n u t r i e n t s ta tus of cu l t iva ted p l a n t s . However , as i t could be observed 
in prac t ice , s torms in M a y or J u n e can cause a m a r k e d lodging of cereal p lan t s 
of high dens i ty fo rmer ly hav ing been fer t i l ized wi th l a rge N-doses. 
On t h e other h a n d , fac tors in f luenc ing the b r e a k a g e of maize s talks 
before h a r v e s t are dea l t w i t h in a large n u m b e r of p a p e r s . According to Camp-
bell (1964) t h e stalk b r e a k a g e in the case of hybr ids of considerable p roduc t iv -
i ty can be more c o m m o n because: 
(1) the heavier ears e x e r t a larger mechanica l l oad ing on the s ta lks , and 
(2) t h e t rans loca t ion of assimilates f r o m stalks and leaves into t h e gra ins is 
more in tens ive before r ipening t h a n in t h e case of open pol l ina ted culti-
vars. Rosic et al. (1979) describe t h e loading of t h e maize s t a lks in a 
mechanica l model. Accord ing to the i r inves t iga t ions , s ta lk b reakage occurs 
most ly a t t h e 5th i n t e r n o d under t h e cob. Arnold e t al . (1974) r e p o r t e d t h a t 
K-fer t i l iza t ion induced l a t e r senescence of maize s t a lks when grown on a soil 
originally poor in K . T h e y also found t h a t K- increased t h e crushing s t r eng th , 
and t h e r i nd th ickness . K á l m á n et a l . (1974) f o u n d t h a t the de t e rmina t i on 
of c rush ing s t rength in t h e above-ground 2nd i n t e r n o d section r ep resen t s a 
sui table i ndex when i m p r o v i n g new maize hybr ids w i t h the aim t o o b t a i n a 
va r ie ty w i t h be t te r s t a l k s tabi l i ty . H y b r i d s t h a t h a v e t h e abi l i ty t o absorb 
a grea ter a m o u n t of n u t r i e n t s have s t a lks t h a t r e m a i n green un t i l t h e grain 
is ha rves t ed , and are t h u s much more res is tent to lodging t han those hav ing 
senescent s ta lks a t r ipen ing (Josephson 1962). 
A t t h e same t i m e , breakage of maize stalks m a y be a consequence of 
infect ions which can v a r y according t o t h e p l an t s ' nu t r i en t supp ly . O t t o -
Eve re t t (1956) repor ts t h a t s ta lk-rot of maize caused by Gibberella sp. in-
creased toge the r wi th r is ing N-doses, and decreased when K-fer t i l izer was 
appl ied. W h e n using h igh doses of P-fert i l izer , K á d á r and Zi lahy (1977) 
observed a considerable s ta lk b reakage in a maize which was p r o m o t e d b y 
Fusaria infect ion (and appeared on t h e stalks). The e x t e n t of s ta lk b reakage 
was p a r t l y coun te rba lanced by increas ing the K - s u p p l y . 
L i e b h a r d t and Murdock (1965) observed two types of lodging in K-
def ic ient p l an t s : root lodging and s t a lk breakage. T h e root lodging was due 
to a res t r i c ted brace roo t system a n d , subsequen t ly , to the b r e a k d o w n of 
pa r enchyma l cells in t h e brace roots . S t a lk breakage resul ted f r o m dis integra-
t ion of t h e p a r e n c h y m a in the lower p o r t i o n of t h e s t a lk . When К was given 
to these p lan t s , a s t r o n g root -sys tem a n d stalk developed . 
F i s h e r - S m i t h (1960) studied t h e effect of NPK-fe r t i l i za t ion on yield 
and on s ta lk b reakage of maize. As a n effect of N-fer t i l iza t ion, t h e n u m b e r 
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of broken s ta lks increased b y 2 0 % on t h e K0-plots , a t a cons tan t P- level , 
while K-fer t i l iza t ion d iminished the q u a n t i t y of broken s ta lks f rom 6 0 - 7 0 % 
t o 2 0 - 3 0 % a t t h e same N P level . 
W h e n increasing the p l a n t popula t ion dens i ty of maize , lodging can b e 
more def in i te . A t high p o p u l a t i o n densi ty (Norberg et al. 1988; Gaska a n d 
Oplinger 1988) t h e decrease of maize lodging was observed w h e n " E t h e p h o n " 
(a s talk s t reng thener ) was u s e d , h u t in some cases grain y ie ld decreased. 
This p a p e r includes t h e d a t a of 3, 14 or 15 years long- te rm fer t i l izer 
f ie ld exper iments concerning t h e lodging of maize p lan t s caused by a w ind -
s to rm. On J u l y 20, 1983, w i n d s lasting 25 m i n u t e s and h a v i n g a speed of 80— 
90 km/h , accompanied b y a prec ip i ta t ion of 10 m m (wi thou t ice) d a m a g e d 
t h e maize t h e n in f lowering s tage dur ing exper iments a t Nagyhörcsök . T h e 
e x t e n t of lodging on the p lo t s differed according to n u t r i e n t supply. Th i s 
phenomenon remained u n c h a n g e d unt i l h a r v e s t t ime. P rec ip i t a t ion a m o u n t e d 
t o 23 mm in Apri l 1983, 105 m m in May a n d 10 m m in J u n e , following a 
d rough t of 4 weeks, unti l 2 0 t h Ju ly . This per iod ended w i t h the s torm men-
t ioned above. 
In this p a p e r , data a re g iven about t h e connect ion be tween the n u t r i e n t 
supp ly of t h e soil and the g ra in yield of maize . 
Materials and me thods 
The E x p e r i m e n t a l S ta t ion of t he Research I n s t i t u t e for Soil Science and Agr icu l tu ra l 
Chemis t ry of t h e Hungar i an A c a d e m y of Sciences a t Nagyhörcsök is s i tua ted in t h e a r e a 
"Mezőfö ld" . Th i s a rea is re la t ively poor in prec ip i ta t ion (590 mm/yea r ) , a n d the f l u c t u a t i o n 
of t empera tu re is r a t h e r large, so i t s cl imate is s imilar to t h a t of t he Grea t Hunga r i an P la in . 
T h e soil of t he exper imenta l s t a t i o n represents a v a r i a n t of calcareous chernozem soils w i t h 
a humus layer of med ium th ickness (50-75 cm) (Szűcs 1965). The work in the expe r imen t s 
discussed in t h i s p a p e r was s t a r t ed i n 1968 ( E x p e r i m e n t s A-18 and B-18), and in 1969 ( E x p . 
A-19 and B-19). T h e ploughed l aye r has on the ave rage a CaC0 3 - con ten t of 5 % , and a h u m u s 
con t en t of 2 . 5 - 3 . 0 % . The A L - P 2 0 5 - a n d the A L - K 2 0 - c o n t e n t s , de t e rmined b y using 0.1 mo l /L 
N H , lac ta te + 0 . 1 mol /L acetic ac id , p H = 3.7 ( E g n e r - R i e h m - D o m i n g o 1960) were 60 a n d 
160 mg/kg soil in t h e exper iments A-18 and B-18, a n d 100 and 190 m g / k g soil in the exper i -
m e n t s A-19 a n d B-19, resp., a t t h e beginning. According t o the official me thods in H u n g a r y , 
a n d the l imit va lue s de termined b y these methods , t h e soil was ve ry well supplied w i t h Mn , 
sa t is factor i ly w i t h Mg and Cu, m o d e r a t e l y with N a n d K, and poor ly w i t h P and Zn ( M É M 
N A K 1979, Csathó e t al. 1989). 
The design (randomized b lock) of the e x p e r i m e n t , the appl ied t r e a t m e n t s a n d t h e 
sequence of the d i f fe ren t p lant r o t a t i o n s in the f i r s t 3 cycles were descr ibed by Sarkadi e t al. 
(1984). F rom t h e 2nd cycle on, t h e crop ro ta t ions were winter whea t -maize -maize -peas ( for 
exper imen t s A), a n d winter whea t -maize -maize -win te r whea t (for expe r imen t s B). 
Yearly appl ied NPK-fer t i l izer quant i t ies in t h e exper iments , h a v i n g 20 t r e a t m e n t s a n d 
4 replications f r o m the 2nd cycle on , summarized in T a b l e 1. NPK-fe r t i l i ze r s were appl ied as 
Ca-ammonium-n i t ra te , potass ium chloride and s imple superphospha te . I n 2 of the 4 repl ica-
t ions the to ta l a m o u n t of N-fert i l izer was given in a u t u m n , while in t h e o ther 2 repl ica t ions 
th i s amoun t was evenly divided, a n d t h e f i rs t pa r t was given in a u t u m n , t h e second p a r t was 
given early in t h e spring. 
Deep p loughing (26-28 c m ) in a u t u m n a n d har rowing in sp r ing were followed b y 
seedbed p r epa ra t i on before sowing. I n the exper iment A-1815, maize h y b r i d Pioneer SC 3901, 
a n d in the expe r imen t s B-1815 a n d AB-1914, maize hyb r id "Szegedi SC 444" were sown. 
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Table 1 
Doses of fertilizers (in active agents) 
Nutrient N P A K,0 N P A K , 0 
level (1. cycle) (2-4. cycles) 
kg/ha 
0 0 0 0 0 0 0 
l 40 40 80 50 50 100 
2 80 80 160 100 100 200 
3 120 120 — 150 150 — 
4 160 160 — 200 200 — 
5 200 
— — 
250 
— — 
Sowing t o o k place on the Apr i l 24, 1983. The n u m b e r of seeds sown per hectare was 60,000, 
p lan ted 7 c m deep , using a R u m a n i a n sowing-machine of the type SPC-6. I n all e x p e r i m e n t s , 
weed cont ro l was done by Afa lon (2.5 kg/ha) + Malo ran (3 kg/ha) before sowing, a n d N i p t a n 
before ge rmina t ion . In the e x p e r i m e n t A-1815 t h e maize ha rves t t o o k place on Oct . 27, in 
the expe r imen t B-1815 on Sep t . 26-27, and in t h e exper iments A - B - 1 9 1 4 on Oct . 20 a n d 21, 
1983. I n each exper iment the h a r v e s t was done b y h a n d . I n the end , s t a lks were r e m o v e d f r o m 
the expe r imen ta l fields. We also e s t ima ted the gra in yield which could be harves ted b y combine . 
In th is case we assumed t h a t a combine c a n n o t p i c k u p plants lodged more t h a n 70°. T h u s , 
" h a r v e s t a b l e " yield means t h e gra in yield of t h e p lo t minus the f r a c t i o n which was lodged 
more t h a n 70°. 
I n t h e exper iment B-18 i n t he a u t u m n of 1980, and in the expe r imen t s A - B 19 in t he 
a u t u m n of 1981, soil samples were drawn f r o m t h e 0 -20 cm layer a t 20 separate po in t s on 
each plot . 
To d e t e r m i n e the AL-P- a n d A L - K - c o n t e n t s of the soil, compos i t e samples were pre-
pared f r o m t h e single samples. T h e analyses of t h e soil were made b y t he Sta t ion for P l a n t 
Protect ion a n d Agrochemis t ry a t T a n a k a j d , on behalf of the Coordinat ion Centre of t he 
Nat ional Fer t i l iza t ion E x p e r i m e n t Network of t h e Ins t i t u t e for Agrochemis t ry a n d Soil 
Science of t he Agricul tural Un ive r s i t y a t Kesz the ly . 
On J u n e 6, 1983 at t he s tage of 4-6 leaves , t h e s ta tus of p l a n t development was eval-
ua ted : n u m b e r 1 indicat ing t h e least developed, n u m b e r 5 the bes t developed, p l an t s t a n d . 
As t h e maize hybr id " P i o n e e r hybr id 3901/380/SC" has o u t s t a n d i n g s ta lk-s tab i l i ty , 
only a lodging of min imum e x t e n t was seen a f t e r t h e s torm in t he exper iment A-1815, a n d 
for this r ea son no grading was done . In the o the r t h r ee exper iments , where the maize h y b r i d 
"Szegedi SC 4 4 4 " wi th a m e d i u m s ta lk s tabi l i ty w a s grown, large d i f ferences of lodging could 
be observed. T h e ex ten t of lodging in the p lan t s t a n d (of the net p lo ts ) was eva lua ted before 
harves t ing on October 12. F o r an es t imat ion of t h e e x t e n t and degree of lodging, f ive ca te-
gories were set u p : 
1 = p l a n t s s tanding ± 10° lodged, 
2 = p l a n t s lodged to 10-30° , 
3 = p l a n t s lodged to 30-50° , 
4 = p l a n t s lodged to 50-70° , 
5 = p l a n t s lodged to 70 -90° . 
I t w a s observed t h a t on each plot the p l a n t s could usually be grouped in to 2 of t h e 
above categories . The category (1 -5 ) numbers , when mult ipl ied by t h e percentage of occurrence 
of a cer ta in ca tegory (100% = 1) resulted in t h e weighed value of a given ca tegory , e.g. 
(3 X 0.7) -j- (5 X 0.3) = 2.1 + 1.5 = 3.6 means t h a t on a certain p lo t 7 0 % of the p lan t popu la -
t ion were lodged to 30-50°, a n d 3 0 % to 70-90° . T h e resulting s u m indicates the degree of 
lodging in a ce r ta in plot. On each plot , the e x t e n t of critical lodging, i.e. the pe rcen tage of 
the p lan t p o p u l a t i o n lodged to 70° or more, was also calculated. 
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Results a n d discussion 
P- and K- status of the soil 
T h e influence of t h e 12 years P - and K-fer t i l i za t ion on the A L - P - and 
A L - K - c o n t e n t s of t h e soil can be s t ud i ed in Table 2. T h e differences in t h e AL-
P- a n d K-supplies of t h e exper iments " 1 8 " and " 1 9 " exist ing a t t h e beginning 
of t h e exper imenta l work , could also be detected in t h e 12th year of t h e experi-
m e n t s . However , as a consequence of P-fer t i l iza t ion the level of P - s t a tus 
— p o o r in the beginning — was increased to " m e d i u m " b y the fer t i l izer doses 
50 a n d 100 kg P 2 0 5 / h a / y e a r , and to " g o o d " by 150 kg/ha/year , whi le the P-
doses of 200 kg /ha /year resulted in an overfer t i l izat ion f rom t h e 12 th year 
of t h e exper iments . T h e A L - K 2 0 - c o n t e n t s of the unfer t i l ized plots a n d of the 
plots fert i l ized wi th 100 kg K 2 0 / h a / y e a r equally i nd i ca t ed a med ium K-supply 
b u t t h e 200 kg K 2 0 / h a / y e a r fer t i l izer doses resul ted in a good K - s u p p l y of 
t h e soil. To raise t h e soil 's A L - P 2 O s - c o n t e n t by 10 m g / k g in this exper imen t , 
110-130 kg P 2 0 5 / h a was needed accord ing to the ca lcula t ions of K á d á r (1983) 
based on t h e nu t r i en t ba lance , i.e. on t h e q u a n t i t y of nu t r i en t s r ema in ing in 
the soil. A t the same t ime , for the increase of t h e soil 's A L - K , 0 - c o n t e n t 
b y 10 mg/kg , 270 kg K 2 0 / h a was needed , i.e. twice t h e q u a n t i t y needed 
f rom P-fert i l izers . 
Early development of the plants, lodging due to windstorm and grain yield 
As ment ioned earl ier , t he maize was f lowering w h e n the s t o r m of Ju ly 
20, 1983, occurred. A t t h a t t ime , we a l r eady knew t h e s t a tu s of deve lopmen t 
(de t e rmined by grading of the maize p l a n t s with 4 - 6 leaves) , and we possessed 
da t a of earlier soil analyses , too. I n Tables 3-5 , d a t a a re summar ized , which 
concern t h e s ta tus of deve lopment of maize p lants w i t h 4 - 6 leaves, t h e degree 
of lodg ing and the g ra in yields, h a r v e s t e d by h a n d , a n d " h a r v e s t a b l e " by 
combine , as affected b y NPK-fe r t i l i za t ion . N-fer t i l iza t ion did no t consider-
ably in f luence the s t a t u s of deve lopmen t of the p l a n t s w i t h 4 - 6 leaves . How-
ever, w i t h higher N-doses — as a t e n d e n c y — ra the r a d i sadvan tageous effect 
could be detected (Table 3). At the s a m e time, t h e n u m b e r s ind ica t ing the 
degree of lodging were u n d o u b t e d l y grea ter wi th h igher N-doses (200-250 
kg N/ha /yea r ) . The " c r i t i c a l " lodging (i.e. a lodging ove r 70°) — which makes 
h a r v e s t i n g by a combine-machine m o r e diff icul t a n d / o r causes h e a v y yield 
losses — is also given as percentages of t h e to ta l p l a n t s t a n d : it can be seen 
t h a t t he se numbers also increase w i th higher N-doses. 
Surpr is ingly , h igh grain yields (7.4 t / h a in the average) could be received 
in 1983 w h e n applying only 50 kg N/ha /yea r . Higher N-doses (200-250 kg/ha) 
caused a decrease in g ra in yield b y 0 .5-0 .9 t /ha . " H a r v e s t a b l e " g ra in yield 
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Table 2 
Effect of P- and K- fertilization on AL-P- and AL -K- contents after 12th year of the trials calcareous chernozem, 
Nagyhörcsök, 1980-1981 
Code of 
trials 
Time of P20, s kg/ha/year Average 
K , 0 kg/ha/year 
Averagi 
sampling 
0 50 100 150 200 LSD 5 % 0 100 200 LSDß% 
In a u t u m n : A L - P 2 0 5 mg/kg A L - K . O mg/kg 
В 1 8 1 2 1 9 8 0 7 3 8 9 1 1 9 1 7 3 2 1 8 3 3 1 3 4 1 7 0 1 8 3 2 1 0 16 1 8 8 
A 1 9 1 2 1 9 8 1 1 0 6 1 3 4 1 8 2 2 2 7 2 9 3 3 6 1 8 8 1 6 6 1 9 8 2 2 8 7 4 1 9 7 
В 1 9 1 2 1 9 8 1 1 0 7 1 2 5 1 8 1 2 3 2 2 9 9 3 1 1 8 9 1 6 0 1 9 4 2 5 4 2 7 203 
Average 9 5 1 1 6 1 6 1 2 1 0 2 7 0 1 7 0 1 6 5 1 9 2 2 3 1 1 9 6 
D 2 1 4 5 4 9 6 0 1 9 3 6 2 7 3 9 2 7 33 
A L - P „ 0 5 and - K 2 0 supply categories, according to the Nat ional Fertil izer Recommendat ion System 
low modera te good ext reme low modera te good ext reme 
A L - P 2 0 5 mg/kg < 9 0 91-150 151-250 251 < A L - K 2 0 mg/kg < 1 3 0 131-200 201-300 301 < 
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Table 3 
Effect of nitrogen on the 4—6 leaf stage of development, on lodging due to windstorm, and on total 
(hand harvested) and "harvestable" grain yield 
Szegedi SC 444 hybr id . ( P 2 0 5 = 100, K 2 0 = 100 kg /ha /yea r ) 
N kg/ha/year 
Trial — - LSDs% Average 
50 100 150 200 250 
Grading a t 4—6 leaf age. J u n e 6, 1983 * 
A 1815 4.2 3.8 2.8 4.0 3.8 0.9 3.7 
A 1914 4.8 4.0 4.0 3.5 3.5 1.0 4.0 
В 1914 3.5 3.8 3.2 3.8 3.0 1.1 3.5 
Average 4.2 3.9 3.3 3.8 3.4 0.7 3.7 
Degre e of lodging** 
A 1815 1.6 1.5 2.1 2.9 2.8 1.3 2.2 
A 1914 2.0 2.3 2.1 2.0 3.1 1.1 2.3 
В 1914 1.6 2.2 1.6 2.6 2.5 1.2 2.1 
Average 1.7 2.0 1.9 2.5 2.8 1.0 2.2 
Critical lodging % * * * 6 4 3 14 17 9 
Grain yield, t / h a ( total grain yield) (86% d.m.) 
A 1815 6.52 6.46 6.59 5.82 5.80 0.94 6.24 
A 1914 7.94 7.11 8.02 7.62 7.00 1.12 7.54 
В 1914 7.66 7.93 7.87 7.63 7.06 1.04 7.64 
Average 7.37 7.17 7.49 7.02 6.62 0.67 7.14 
" H a r v e s t a b l e " grain yield, t / ha (by combine)**** (86% d .m . ) 
A 1815 6.52 6.46 6.15 4.94 4.75 2.05 5.76 
A 1914 7.94 6.20 8.02 7.62 4.99 2.04 6.95 
В 1914 7.66 7.93 7.87 5.47 5.70 2.36 6.93 
Average 7.37 6.86 7.35 6.07 5.15 1.24 6.55 
* 1 = leas t developed; 5 = mos t developed; 
** 1 = leas t lodged (fully s tanding) ; 5 = ful ly lodged (lying on t h e ground); 
*** > 7 0 ° lodging, in percentage of the popu la t ion ; 
**** the yield of population less t h a n 70° lodged. 
was m a x i m a l a t N 50 and 150 levels. At N 200 and 250 levels we received 
1.3—2.2 t / h a less grain yield due to grain loss a n d increasing cri t ical lodging. 
(We regarded p l a n t s lodged b y more t h a n 70° as n o t ha rves tab le b y combine.) 
I n Table 4 t h e inf luence of P-fert i l izer on t h e same p a r a m e t e r s is shown. 
Regula r P- fer t i l iza t ion had a f avou rab l e in f luence on the s t a t u s of develop-
m e n t of maize p l a n t wi th 4 - 6 leaves on th is chernozem soil or iginal ly poor in 
P . Phosphorus exer ted a f a v o u r a b l e inf luence on the degree of lodging a n d 
on "c r i t i c a l " lodging, too: b o t h va lues decrease as P-doses increase . 
The grain yield of maize was s trongly increasing wi th 50 kg P 2 0 5 / h a / 
year , and to a smal ler degree, b u t still increasing, with 100 kg P 2 0 5 / h a / y e a r . 
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Table 4 
Effect of phosphorus on the 4-6 leaf stage of development, on lodging due to windstorm, and on 
total (hand harvested) and''harvestable" grain yield 
Szegedi SC 444 hybrid. (N = 50-250; K , 0 = 100 kg/ha/year) 
P,O s kg/ha/year 
100 150 200 
LSD5% Average 
Grad ing at 4-6 leaf age. June 6, 1983* 
A 1815 2.7 4.2 3.7 4.0 4.1 0.5 3.7 
A 1914 2.4 4.0 4.0 4.2 4.0 0.6 3.7 
В 1914 2.0 3.3 3.4 4.0 3.8 0.7 3.3 
Average 2.4 3.8 3.7 4.1 4.0 0.4 3.6 
Degree of lodging* 
A 1815 2.5 2.5 2.2 2.6 2.2 1.2 2.4 
A 1914 2.6 2.5 2.3 2.1 1.6 0.8 2.2 
В 1914 2.8 2.3 2.1 1.6 1.9 0.7 2.1 
Average 2.6 2.4 2.2 2.1 1.9 0.6 2.2 
Critical lodging %*** 17 15 9 4 2 9 
Gra in yield, t /ha ( total grain yield) ( 8 6 % d.m.) 
A 1815 4.78 6.05 6.24 5.47 5.04 0.52 5.51 
A 1914 5.92 7.27 7.54 7.34 6.92 0.61 7.00 
В 1914 5.75 7.51 7.63 7.23 6.65 0.58 6.95 
Average 5.48 6.94 7.13 6.68 6.20 0.41 6.49 
" H a r v e s t a b l e " grain yield, t / h a (by combine)**** (86 d. m.) 
A 1815 4.37 5.16 5.76 5.20 5.04 1.48 5.11 
A 1914 4.54 6.33 6.95 7.15 6.77 1.58 6.35 
В 1914 4.62 6.25 6.92 7.23 6.45 1.44 6.30 
Average 4.51 5.91 6.55 6.53 6.09 0.86 5.92 
*, **, ***, ****: See in Table 3. 
However , 150 and 200 k g P 2 0 5 / h a / y e a r s ignif icant ly reduced the gra in yield 
by 0 .4 -1 .0 t /ha . On t h i s calcareous soil, poor in Zn, such a result c a n be ex-
plained b y the P /Zn an tagonisms w h i c h cause a depression in yie ld . The 
results of a plant ana lys i s with d iagnos t ic aim car r ied ou t in the s a m e long-
term exper iment l a t e r on led to t h e same conclusions (Csathó e t al . 1989), 
(Table 4) . Considering " h a r v e s t a b l e " yields, bo th P 100 and 150 levels gave 
the bes t resul ts ( > 6 .5 t /ha ) . 
As i t is known, m a i z e is a p l a n t which d e m a n d s much K. T h e advan-
tageous inf luence of К on the early deve lopment of maize p lan ts could be 
observed in this e x p e r i m e n t , too ( T a b l e 5). The resu l t s of the unfer t i l ized 
plants (no fert i l izat ion dur ing the l a s t 15 years) a re also given in t h i s table . 
As t h e differences in t h e nutr i t ion s t a t u s are t h e m o s t obvious w h e n the 
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Table 5 
Effect of potassium on the 4-6 leaf stage of development, on lodging due to windstorm, and on total 
(hand harvested) and "harvestable" grain yield 
Szegedi SC 444 hyb r id 
K , 0 kg/ha/year LSDj% Average 
0 0 100 100 200 
N P К ( N = 250, P .O. = 150 (N _ 250, P .O. = 200 
kg,ha) kg,ha) 
Grading a t 4-6 leaf age. J u n e 6. 1983* 
A 1815 1.0 2.0 3.8 3.8 5.0 0.9 3.1 
A 1914 1.5 4.0 4.5 4.0 4.2 1.0 3.6 
В 1914 2.0 3.0 3.5 3.8 4.8 1.1 3.4 
Average 1.5 3.0 3.9 3.9 4.7 1.0 3.4 
Degree of lodging** 
A 1815 4.9 3.3 2.7 2.5 1.7 1.6 3.0 
A 1914 4.1 4.4 2.4 1.4 1.4 0.8 2.7 
В 1914 2.5 3.8 1.5 2.0 1.8 1.4 2.3 
Average 3.8 3.8 2.2 2.0 1.6 0.6 2.7 
Critical lodging % * * * 45 58 4 3 
— 
22 
Grain yield, t / h a (total grain yield) (86% d.m.) 
A 1815 3.82 4.95 5.58 5.08 4.64 0.94 4.81 
A 1914 5.27 6.57 7.25 6.61 6.90 1.12 6.52 
В 1914 5.68 5.50 7.18 6.44 6.19 1.04 6.20 
Average 4.92 5.67 6.67 6.04 5.91 0.60 5.84 
" H a r v e s t a b l e " grain yield. t /ha (by combine)**** ( 8 6 % d.m.) 
A 1815 0.57 2.62 5.16 5.08 4.64 3 .61 
A 1914 2.55 1.32 6.69 6.32 6.90 1.06 4 .75 
В 1914 5.68 3.19 7.18 6.06 6.19 5.66 
Average 2.93 2.37 6.34 5.82 5.91 0.65 4 .67 
*, **, ***, ****: See in T a b l e 3. 
p lan t s are young , the p l an t s of the unfer t i l i zed plots were found — as c o u l d 
be expected — to be the l eas t developed. 
On t h e p lo t s def icient in P (NKP 0 ) , a n d on those overfert i l ized w i t h N 
(^25oPioo^ioo)' t h e p lan ts — as ment ioned ear l ier — were lodged much m o r e 
b y the s to rm t h a n on the o t h e r plots. H o w e v e r , lodging reached its h i g h e s t 
degree on t h e unfer t i l ized p lo t s (N0P0K0) a n d on those de f i c i en t in К ( N P K 0 ) . 
According to t h e indices used in this pape r fo r the degree of lodging, n u m b e r 
5.0 would m e a n t h a t the whole p lan t p o p u l a t i o n was f l a t t e n e d to the g r o u n d . 
The indices 3.8 b o t h for t h e p lo ts N0P0K0 , a n d for the p lo t s N P K 0 show t h e 
seriousness of t h e damage caused by the s t o r m . The cr i t ical lodging was also 
t h e most severe on these p lo t s , where 4 5 % a n d 6 0 % , resp. , of the plant p o p u -
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la t ion was l odged to 70° or m o r e at h a r v e s t t ime. In a g r e e m e n t wi th d a t a in 
l i te ra ture , К prevented t h e greatest a m o u n t of lodging in this e x p e r i m e n t 
also. The e x t e n t of lodging w a s diminished t o an acceptab le level b y 100 kg 
K 2 0 / h a / y e a r , a n d this K-dose prevented cr i t ical lodging, too . The e x t e n t of 
lodging was r educed fu r the r b y the K-dose of 200 kg /ha /year : in this t r e a t m e n t 
t h e lowest lodging could b e found . 
The y ie ld of the unfer t i l i zed plots w a s about 5 t / h a in the dry y e a r of 
1983. Fer t i l i z ing with N P increased the y i e ld b y 0.7 t / h a . As an effect of 100 
kg K 2 0 / h a g iven yearly, t h e grain yield of maize increased by 1.0 t / h a on 
th i s chernozem soil initially supplied w i t h a medium level of K. The app l i ca -
t ion of 200 k g K 2 0 / h a / y e a r resul ted in no f u r t h e r increase of the yield (Table 
5). M a x i m u m " h a r v e s t a b l e " yield was g iven also in t h e p lo t s which rece ived 
100 kg/ha K 2 0 (83 kg/ha K ) year ly . On t h e plots receiving no К fer t i l izer a t 
all, " h a r v e s t a b l e " yield w a s less than ha l f of this. 
As f a r as there was o n l y a minimal in te rac t ion or n o n e be tween N P K 
fert i l izat ion a n d N applied a t different t i m e s , the effect of N P K fer t i l i za t ion 
on lodging a n d yield of m a i z e is shown in t h e Tables 3 - 5 in the ave rage of 
N-appl ica t ion a t different t i m e s : However , w h e n N-doses were divided even ly , 
applying one ha l f in a u t u m n and the o t h e r in spring b e f o r e sowing, lodg ing 
increased a n d " h a r v e s t a b l e " yields decreased as compared t o the plots receiv-
ing the t o t a l a m o u n t of N in a u t u m n (F ig . 1). The ef fec t of dividing t h e N-
doses into t w o halves was t h e most obv ious in the K - c o n t r o l plots . N g iven 
in a u t u m n c a n leach into deepe r layers a f t e r a mild a n d we t win te r , whi le 
spring app l i ca t ion can be m o r e effective. D iv id ing of N i n t o two ha lves could 
increase t h e effect iveness of N appl icat ion, b u t in this case lodging inc reased 
and the " h a r v e s t a b l e " yield decreased, as c a n also be seen in Table 3 (F ig . 1). 
Correlation among the status of development of maize plant with 4-6 leaves, the 
degree of lodging, and the grain yield 
In t he se exper iments a l inear connec t ion was found between t h e s t a t u s 
of early deve lopmen t of p l a n t s (on the 6 t h J u n e ) , and t h e ex ten t of d a m a g e 
caused b y t h e s torm (Fig. 2). In the w e a k l y developed p l an t s the d a m a g e 
caused by t h e s to rm was m o r e serious. T h e reason for th i s is p robably because 
t h e weakly developed p l a n t s possess a w e a k root system, w h e n compared t o 
t h e plants well-supplied w i t h N P K (Smi th 1957, in A r n o n 1975). H o w e v e r , 
t h e plants of t h e plots not fer t i l ized with К (N 3 P 3 K 0 ) lodged to a much g r ea t e r 
ex ten t t h a n i t would be expec t ed in r e g a r d to their s t a t u s of deve lopmen t . 
As it is k n o w n , when the p l a n t s are d e f i c i e n t in K, t h e fo rma t ion of la rge 
molecule ca rbohydra t e s f r o m sugar-like ca rbohydra t e s is inhibi ted, a n d th i s 
effects the s t r u c t u r e of t h e cell walls a n d t h e stabili ty of t h e stalks as well . 
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Fig. 1. E f f ec t of NPK-fe r t i l i za t ion and app ly ing N a t d i f ferent t imes on lodging of maize due t o winds to rm a n d on " h a r v e s -
t a b l e " grain yield. Szegedi SC 444. 1/2 N in a u t u m n , 1/2 N in spring whole N in a u t u m n 
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Fig. 2. Relationship be tween 4-6 leaf s t a g e development of maize and lodging due to wind-
s t o r m . Calcareous chernozem. Nagyhörc sök , H u n g a r y . Szegedi SC 444 hybr id . 1983 
However , n o connect ion w a s found b e t w e e n t h e e x t e n t of lodging a n d 
t h e a m o u n t of g r a i n yield. G r a i n yield was o n l y a f fec ted b y t h e n u t r i e n t 
s u p p l y . 
I n con t r a s t t o t h e o ther t h r e e e x p e r i m e n t s , in e x p e r i m e n t B-1815 t h e 
m a i z e hybr id " P i o n e e r SC 3 9 0 1 " w a s grown. T h i s hybr id h a s o u t s t a n d i n g 
s t a l k - s t a b i l i t y a n d showed no l o d g i n g af ter t h e s t o r m wi th a n y of the t r e a t -
m e n t s . I t can b e supposed t h a t t h i s hybr id w a s able to m a k e b e t t e r use of 
t h e original n u t r i e n t conten t of t h e soil. T h e h ighes t f e r t i l i z e r doses o v e r 
Ni5oP5O(IOO)KIOOÍ h o w e v e r , dec reased t h e yield of t h i s hybr id , t o o . T h e decrease 
w a s a b o u t 0 .5 -1 .0 t / h a , s imi la r ly t o t h a t of t h e hybr id " S z e g e d i SC 4 4 4 " 
( T a b l e 6). 
W h e n b r e e d i n g and f e r t i l i z ing maize we n e e d bo th s t r o n g s ta lk h y b r i d s 
w i t h h igh p o t e n t i a l yields a n d a n adequa t e l e v e l of N, P a n d К fer t i l izers 
i n t h e soils. 
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Table 6 
Response to N, P and К fertilization in hybrid Pioneer SC 3901 Grain yield, tjha 
(86% d.m.) 
Trial 
N, kg/ha/year (P.O, = 100, K , 0 — 100 kg/ha) 
LSD6% Average 
50 100 150 200 250 
В 1 8 1 5 7 . 0 1 7 . 7 6 8 . 1 3 7 . 9 4 7 . 0 9 0 . 7 6 7 . 5 9 
Trial 
P.O, kg/ha/year (N = 50-250, K s O = 100 kg/ha) 
LSDjy . Average 
0 50 100 150 200 
в 1 8 1 5 7 . 0 4 7 . 4 3 7 . 5 9 6 . 8 5 6 . 9 4 0 . 7 6 7 . 1 7 
K , 0 kg/ha/year 
Trial a 
-
0 100 100 200 LSDe% Average 
( N = 250, 
= 150kg/ha) 
(N ~ 200-250, 
P . O . - 200 kg/ha) 
в 1 8 1 5 4 . 6 6 6 . 6 3 6 . 3 6 6 . 9 4 6 . 0 4 0 . 7 6 6 . 1 3 
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P O T A S S I U M F E R T I L I Z A T I O N I N H U N G A R Y : 
R E S P O N S E S I N MAIZE A N D IN O T H E R CROPS 
I . K Á D Á R , P . CSATHÓ a n d J . S A R K A D I 
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OF T H E H U N G A R I A N ACADEMY OF SCIENCES, B U D A P E S T , HUNGARY 
(Received: 13 April, 1990; accepted: 20 J u n e , 1990) 
K-responses of ma ize in 1-10-year- long field fertilizer trials, set up in Hungary , 
found in literature b e t w e e n 1960 and 1989 are dealt with in t h e f irst part. In t h e second 
part the main f indings of a 16-year-old long-term field К fertilizer exper iment with 
different crops, carried o u t on a calcareous chernozem soil, moderate ly supplied w i t h K, 
are reported. 
The main f indings are as the fol lows: 
A s a result of prev ious N P K exper iment series in H u n g a r y with cereals and 
row crops N- responses were highest in b o t h groups, w h i c h was followed b y the K-
responses in row crops and P-responses in cereals. N-responses were twice as high as 
K- or P-responses. 
Regarding the t e x t u r e of Hungar ian soils, 16% are sands, 10% s a n d y loams, 
4 3 % loams, 19% clay l o a m s and 7% are c l a y e y soils. 
Soils with higher c lay contents prov ided a better original (native) K - s u p p l y i n g 
power. A m o n g clay minerals , usually s m e c t i t e was dominant in heavy soils, a n d illite 
in l ight ones. 
For est imating t h e extractable K - c o n t e n t s of the soi ls in Hungary, t h e AL-
method (0.1 mol/L ammonium- lac ta te -+- 0 .4 mol/L acetic ac id , p H = 3.7, according to 
E g n é r - R i e h m - D o m i n g o 1960) has been of f ic ia l since the 60s . 
On the basis of К f ield exper iments with maize b e t w e e n 1960 and 1989 , the 
A L - m e t h o d indicated t h e nat ive K-supply ing power of t h e soils quite accurate ly . By 
this m e t h o d probably n o t only the K-adsorbed and in soil so lut ion , but also s o m e parts 
of f i x e d К was extracted. 
T h e relationship b e t w e e n AL-K c o n t e n t s of K-control p lo t s and relat ive y ie ld of 
maize (yield in N P / N P K • 100, %) resembled a saturat ion-curve while connect ion 
be tween the AL-K c o n t e n t s of K-controls a n d surplus in m a i z e (yield in N P K - N P , t/ha) 
could be described b y a hyperbolic curve. (F ig . 2) 
Average surplus in maize grain y i e l d s was 1.7 t /ha o n sandy soils, 0 .7 t /ha on 
sandy loams, 0.4 t /ha o n loams, 0.2 t /ha o n clay loams, a n d 0.1 t/ha on c l a y e y soils. 
On t h e basis of K-response data in maize found in l i terature between 1960 a n d 1989, 
c lay loams occurred o n l y in medium, g o o d , or extremely good native K - s u p p l y i n g 
categories , while clays in good and ex treme ly good categories. On sandy soils, however , 
maize yielded up to 2 . 5 - 2 . 9 t /ha surplus; regular K-fert i l izat ion is thus sugges ted even 
for p lant s without expressed K-demands. 
In our 16-year long- term field K-fert i l izer trial w h i c h xvas set up on a calcareous 
chernozem soil, in Middle-West Hungary, originally m o d e r a t e l y supplied xvith K, the 
fo l lowing sequence w a s obta ined in surpluses as a result of K-fert i l izat ion of t h e different 
crops: 
po ta toes (11.2 t/ha) > sugar beets (8.5 t /ha ) > hemp (7.9 t / h a ) > maize, 1976 ( 1 . 3 t/ha) 
> spring barley (0.7 t /ha ) > xvinter wheat , 1975 (0.5 t /ha) > xvinter wheat 1974 , maize 
1977, winter barley ( 0 . 3 - 0 . 3 t/ha) > sunf lower , poppy, o i l f l a x , soybeans ( 0 . 2 - 0 . 2 t/ha) 
> mustard (0.1 t /ha) > rape (0.0 t/ha) > oats (—0.2 t /ha ) . The sequence i n relative 
y ie ld was as follows: po ta toes (65% ) < poppy (71%) < maize , 1976 ( 7 6 % ) < hemp 
(79%) < sugar-beet ( 8 5 % ) < spring barley (87%) < s o y b e a n s (89%) < win ter wheat, 
1975 (91%) < winter bar ley (92%) < o i l f lax (93%) < s u n f l o w e r (94%) < w i n t e r wheat 
1974, maize 1977 (95%) < mustard ( 9 7 % ) < rape (100%) < oats (104%). 
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In the calcareous chernozem soil originally moderately supplied with К ( A L - K 2 0 
on K-control: 140-160 mg/kg) i t is advisable to raise the A L - K 2 0 contents to 2 0 0 -
220 mg/kg. Higher K-doses should be given for hoed plants with h igh K-demand (e.g. 
potatoes, sugarbeets, maize, h e m p , etc.), while K-fertilization for cereals and oilplants 
can be reduced, or even s topped for a while wi th in the rotation. When the previous 
plant is alfalfa with its high K-uptake, K-ferl ilization can be ef fect ive even for the 
latter plants. 
The after-effect of init ial 500-1000-1500 kg/ha K 2 0 (415-830-1245 kg/ha K ) 
fertilization is long-lasting, and is measurable e v e n in the 16th year , but diminishes 
with time. Maintaining K-fertil ization of 100 and 200 kg/ha K 2 0 (83 and 166 kg/ha K ) 
resulted in surpluses in the p lo t s with initial K-application only af ter the 5-8th year , 
and mostly in plants greatly demanding K. 
Keywords: K-response, maize, long-term f i e ld trials, Hungary 
Introduction 
Having no nat ive po ta s s ium fertilizer indus t ry , H u n g a r y imports t h e 
t o t a l amount of this nu t r ien t (mostly in t h e form of po tas s ium chloride) 
needed for crop production. 
In the f i r s t th i rd of th i s cen tury superphosphate was considered to be 
t h e most needed fertilizer in Hunga r i an agr icul ture (Cserháti—Kosutány 1887, 
D o r n e r 1924). However , in t h e f ield NPK fert i l izer exper iment series set u p 
i n t h e 40's and 50's , nitrogen ferti l izer gave as much as t w o t imes more sur -
p l u s in yield t h a n did superphosphate . Po t a s s ium was the t h i r d among t h e 
macronut r ien t s in increasing t h e yields of cereals (wheat, r y e , barley, oa t s , 
e tc . ) and second bes t in increasing the yield of hoed plants (potatoes, maize) 
(Váral lyay 1950, Sarkadi 1963, Latkovics 1963). Keresz tény (1958) f o u n d 
good correlations between t h e logari thm of Nehring-K in cont ro l plots a n d 
t h e K-responses. 
For es t imat ing the ava i lab le K- conten t in soil, the Nehr ing-method 
(0.2 mol/L N H 4 N 0 3 ) was used in Hungary f r o m the 40's, wh ich was replaced 
b y t he AL-method (0.1 mol /L ammonium l a c t a t e + 0.4 mol /L acetic acid , 
p H = 3.7) — (Egnér-Riehm—Domingo 1960) in the early 60 's . This l a t t e r 
one has been off icial in H u n g a r y for es t imat ing the K - s u p p l y of the soils 
s ince tha t t ime. T h e number of soil tests increased together w i t h the increasing 
use of fertilizers (Szabolcs 1969), and is obl iga tory for s t a t e farms and co-
operat ives in eve ry 3rd year s ince 1977, and in every 5 th y e a r from 1990. 
Hungary is in a favourab le position regard ing agr icul tura l product ion. 
Climatic and soil conditions c a n help to achieve high yields if other fac to rs 
(modern cult ivars and hybrids, fertilizers, p l a n t protection, etc .) are provided. 
T h e tota l area of the country is 93,000 km2 , of which 57% is arable land 
ga rdens -f- v ineyards + orchards ; 13% is meadow -f- p a s t u r e s (usually of 
p o o r status), 1 8 % is forests a n d 12% is uncul t iva ted (buildings, roads, etc .) . 
Some f i f ty yea r s ago the d is t r ibu t ion of t he se groups was 6 4 - 1 8 - 1 2 - 6 % , 
respectively. In Hungary the p e r capita agr icul tural area is over 0.6 ha , of 
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which 0.48 h a is arable l a n d . This is 3 8 % more t h a n t h e world a v e r a g e and 
is twice as high as the a v e r a g e of the W e s t European count r ies (Láng a n d Har -
nos 1985). One thi rd of o u r agricul tural p roduc t s are usua l ly expor t ed . 
T h e a im of this w o r k is on one h a n d to summar ize and eva lua te t h e K-
response d a t a in maize f o u n d in field expe r imen t s set u p in H u n g a r y be tween 
1960 a n d 1989. On t h e o t h e r hand, t h e m a i n f indings of a 16-year long- te rm 
field K-fer t i l iza t ion t r i a l , set up in 1973, b y Kádá r , on a calcareous chernozem 
soil, m o d e r a t e l y suppl ied wi th K, will b e shown, us ing as test p l a n t s all the 
main c rops grown in H u n g a r y . The m a i n results of t h e f i r s t 6 -7 yea r s of the 
exper iment have a l r eady been publ ished b y Sarkadi (1979), K á d á r e t al. 
(1989) respectively C s a t h ó and K á d á r (1990). 
Materials a n d methods 
The K-response trials with maize in Hungary between I960 and 1989 
Elaborat ing the f ind ings in literature, t h e r e were only inc luded f ield trials us ing K-con-
trol (NP) , a n d increasing ra tes of K-fertilizers o n the same N P leve l . In this w a y probably 
neither the shortage of N , nor t h a t of P l imited t h e possible K-responses . Those tr ia ls were 
not included, where all the three N- , P- and K - dose s were increased joint ly and no К ef fect 
could be de tec ted . 
In H u n g a r y KCl is a l m o s t the only p o t a s s i u m fertilizer f o r m used (some K 2 S O , is 
given to certa in horticultural p lants ) . In all the eva lua ted exper iments 40 or 60% KCl w a s the 
K-source i n fertilizers. 
There were mostly f o u n d 2-4-8-year-o ld semi- long-term ferti l izer trials of ma ize in the 
Uterature. I n all the semi- long-term experiments t h e K-responses observed in the average of 
the years, were considered, t o e l iminate the 'у е а г " е Р' е с 1Л The results of long-term trials more 
than 10 years old are not e v a l u a t e d in this work. The following parameters were col lected: 
AL-KjO c o n t e n t of K 0 var iants ; upper limit of p las t i c i ty according t o Arany; humus c o n t e n t ; 
maize grain y ie ld of K 0 var iants ; relative y ie ld ( N P : N P K yie ld rat io X 100); and surplus 
( N P K - N P y ie ld , t/ha). A m o n g t h e K-treatments t h e one chosen w a s t h a t reaching m a x i m u m 
yield of at l e a s t 95% ( m a x i m u m economic yield). 
There were two restrict ions made for the K-tr ia l s found in l i terature between 1960 and 
1989: the resu l t s of the ex treme ly dry year of 1968 were neglected, a n d also those of the experi-
ments ( two trials) were o m i t t e d , in which plant popula t ion density w a s lower, than 30 thousand 
plants/ha. T h e reason of the l a t t e r restriction w a s t h a t , after the invest igat ions of Berzsenyi -
Janosits (1953) , I'só (1958) a n d Győr f fy (1962, 1979) i t became e v i d e n t tha t — also in H u n g a r y 
— maize hybr ids need high popu la t ion density t o s h o w responses t o fertilizers. In all t h e trials 
carried out b e t w e e n 1960 and 1989, hybrids were sown, there w a s n o t any trial w i t h open-
pollenated cult ivars . 
There were not found a n y trials of maize o n certain sandy soils, with ex tremely poor 
humus s tatus , because such soi ls are not suitable for this crop ("rye soils"). Neither were found 
maize trials o n peat soils w h i c h are characterised in the literature as promoting great K -
responses. 
The set up of the 16-year-old long-term experiment on a chernozem soil 
The 16-year-old factorial (43) long-term f i e ld experiment w a s set up by K á d á r in 
autumn 1973, in Nagyhörcsök. The Nagyhörcsök Experimental S ta t ion of the Research 
Institute for Soi l Science and Agricultural Chemistry of the Hungar ian Academy of Sc iences 
s situated i n Middle-West H u n g a r y . The soil of t h e experimental s tat ion is a calcareous 
ihernozem soil , containing 3 % h u m u s and 5 % C a C 0 3 . The A L - P 2 0 6 and A L - K 2 0 c o n t e n t s 
cetermined b y the method of E g n é r - R i e h m - D o m i n g o , 1960 (0.1 m o l / L ammonium lac ta te 
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-f- 0.4 moJ/L acetic acid, pH = 3.7) were 60-70 and 140-160 mg/kg soil, respectively. Accord-
ing to the official methods in Hungary, and the nutrient supply categories determined b y 
these methods, the soil was originally very well supplied with Mn, satisfactorily with Mg and 
Cu, moderately wi th N and K, and poorly with P and Zn (MÉM N A K 1979, Kádár et al. 
1989). As to the character of the soil texture, the soil of the experiment is a light loam, 
containing 20% sand, 40% loess-like powder, 20% silt and 20% clay. Among clay mine-
rals, illite and chlorite are dominant. The parent rock is a 15-20 m thick loess, and ground 
water is at a 13 m depth. 
The aim of the experiment was to examine the effectiveness of the different building-up 
and maintaining P K doses and their combinations on the yield of main crops and on extractable 
P-and K-contents of the soil. The number of the variants was 64, with 2 replications. In this 
paper the results of the K-experiment are reported, where the effect of the yearly applied 
0 -100-200 kg/ha K 2 0 (0-83-166 kg/ha K) was examined on the different initially g iven 
building-up K-levels (in the autumn of 1973 0 -500-1000-1500 kg/ha K 2 0 , i.e. 0 - 4 1 5 - 8 3 0 -
1245 kg/ha К were applied). The layout of the experiment made it also possible to examine 
the 16-year-old after-effects of the initial К applications on the maintaining К = 0 level . 
On each plot 200 kg/ha N was g iven for crops demanding much N, and 100 kg/ha for crops 
needing smaller amounts of nitrogen. The average P added yearly was 75 kg/ha P 2 0 5 (33 kg/ha 
P). During 16 years, the K-responses of most field crops cultivated in Hungary were invest i -
gated. The plants in the experiment were the following: 
1974 and 1975: winter wheat (Kavkaz); 1976 and 1977: maize (MvSC 380); 1978: potatoes 
(Desirée); 1979: winter barley (Mv 35); 1980: oats (Leanda); 1981: sugarbeets (Beta Monopoly 
N - l ) ; 1982: sunflower (Topflor-3); 1983: poppy (Kék Duna); 1984: rape (Yet Neuf); 1985: 
mustard (Budakalászi sárga); 1986: spring barley (Opal); 1987: oilflax (Szegedi 43); 1988: 
soybeans (Imola); 1989: hemp (Kompolt i ) . Agrotechnics (ploughing, sowing, harvesting, e tc . ) 
common in agricultural practice in Hungary were used. Before beginning this experiment 
alfalfa was grown for 4 years, which absorbed high amounts of potassium from the soil. 
The 50-year average precipitation was 590 mm/year on the experimental station. 
There was a drought in 1979 and 1983, while the years 1974, 1975 and 1984 were wetter t h a n 
the average (Table 1). 
Results and discussion 
(A) K-response trials of maize in Hungary between 1960 and 1989 
Some comprehensive works about t he effectiveness a n d importance of 
potassium fer t i l izat ion in H u n g a r y were a l ready published. Kovács summarized 
effectiveness of N-P-K fer t i l izat ion on the basis of da ta of tr ials publ ished 
in "Kísér le tügyi Köz lemények" between 1898 and 1947. Unfor tuna te ly , t h i s 
repor t is not published. F e k e t e (1959) eva lua ted the resul ts of 47 K- f i e ld 
tr ials with d i f ferent plants . Hungar ian soils were classified by Stefanovi ts 
and Sarkadi (1963) into 3 ma in groups according to the i r na t ive (original) 
abil i ty to supply crops wi th К (Fig. 1): 
(1) On sa tu ra ted or only slightly leached soils which developed e i ther 
on alluvial soils containing large amounts of mica, or on weathered volcanic 
rock, or on loess, winter cereals respond qu i t e seldom to K , while crops de-
manding much К (e.g. sugarbeets) may respond to K-fert i l izers. 
(2) On brown forest soils, on rus tb rown forest soils developed on P a n -
nonian deposits (sediments), on chernozem brown forest soils and on l igh te r 
chernozem soils, crops having a high K - d e m a n d (sugarbeets, potatoes, h e m p , 
tobacco, spring barley for beer , maize, papilionaceae, vegetables, g rapes , 
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Table 1 
Distribution of precipitation at Nagyhőrcsők Research Station, Middle West Hungary, 
1973-1989 
M o n t h s 1973/74 1974/75 1975/76 1976/77 1977/78 1978/79 1979/80 1980/81 
Oct. 35 208 70 99 16 33 27 56 
N o v . 39 35 22 47 79 11 74 152 
Dee. 90 41 30 49 26 48 68 39 
Sum 164 283 122 195 121 92 169 247 
Jan. 37 18 25 30 8 66 33 8 
Febr. 55 9 4 63 24 48 19 15 
March 12 36 44 52 36 13 22 34 
Sum 104 63 73 145 68 127 74 57 
April 34 39 56 35 42 50 53 6 
May 93 86 20 49 75 10 41 45 
June 131 147 37 40 119 50 63 101 
Sum 258 272 113 124 236 110 157 152 
July 50 104 39 33 107 44 31 42 
Aug. 82 182 77 62 10 65 71 53 
Sept. 98 41 95 36 31 19 22 40 
Sum 230 327 211 131 148 128 124 135 
Total 756 945 519 595 573 457 524 591 
M o n t h s 1981/82 1982/83 1983/84 1984/85 1985/86 1986/87 1987/88 1988/89 
50 years 
average 
Oct. 22 37 42 54 16 54 8 27 53 
Nov. 34 19 32 54 97 10 78 14 57 
Dec. 115 55 10 39 57 33 28 38 42 
Sum 171 111 84 147 170 97 114 79 152 
Jan. 31 35 63 8 41 66 38 6 34 
Febr. 19 47 32 50 33 12 53 24 36 
March 39 33 22 58 49 54 58 42 37 
Sum 89 115 117 116 123 132 149 72 107 
April 41 23 33 23 43 58 25 72 48 
May 29 105 75 55 53 86 11 44 64 
June 72 14 48 87 78 68 70 62 61 
Sum 142 142 156 165 174 212 106 178 173 
July 88 19 23 24 19 26 30 65 54 
Aug. 50 51 61 77 26 74 97 78 55 
Sept. 15 10 115 11 
— 
44 57 1 49 
Sum 153 80 199 112 45 144 184 144 158 
Total 555 447 672 540 512 585 553 473 590 
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f r u i t t rees, etc.) r espond qui te o f t e n to K-fer t i l iza t ion , and K-app l i ca t ion can 
b e effect ive even in winter cereals . 
(3) The n a t i v e K-con ten t of wind blown sands , sands, s andy r u s t b r o w n 
f o r e s t soils wi th c lay i l luviation is small , so i t is necessary to add po tass ium 
regu la r ly not on ly for K - d e m a n d i n g crops, b u t also for cereals. 
(4) Uncu l t i va t ed area (Fig. 1). 
Fig. 1. The map of predictable K-responses in Hungary (native K-supply power of the soils) 
Stefanovits and Sarkadi, 1963. Note: see in text 
On the bas i s of foreign a n d H u n g a r i a n papers , Láng (1963) reviewed 
t h e role of po t a s s ium in the p l a n t s , and the f ac to r s inf luencing t h e effective-
ness of K-appl ica t ion . 
Kádár (1980) gave a his tor ical outl ine of t h e role of К in t h e increase of 
soil fert i l i ty. H e de termined also t h e K-ba lance of H u n g a r y b e t w e e n 1932 
a n d 1984 (Table 2), which is pos i t ive since t h e l a te 60's, and f r o m t h e middle 
70 ' s it lies b e t w e e n -)-40 and + 5 0 kg /ha /year K 2 0 . 
From t h e l a t e 80's there has been a decrease in К (and P) consumpt ion 
in Hungar i an agr icu l ture . 
On the bas i s of da ta of K - fert i l izer t r ia ls wi th maize carried ou t in the 
l a s t 30 years i n Hunga ry , t h e purpose of th i s pape r is to summar ize and 
eva lua t e the K-responses of maize on typica l H u n g a r i a n soils. Maize was 
chosen because of i ts increased d e m a n d for К (a l though po ta toes a n d sugar-
b e e t s are need ing even more of potass ium) and because it is t h e second main 
c rop (after w i n t e r wheat) cu l t i va t ed in H u n g a r y , (it is p roduced on abou t 
2 5 % of arable l and , i.e. on ~ 1,150 t housand hectares) . At t h e same t ime, 
po t a toe s and sugarbee t s are g rown only on 50 and 100 t h o u s a n d hectares , 
respect ively, a n d the i r impor t ance in t h e na t iona l economy is a degree smaller 
t h a n tha t of maize . 
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Table 2 
K20-balance in Hungary, 1932-1984 (agricultural area, kg/ha) 
Kádár, 1980 and 1987 
Heading of K t O - b a l a n c e 1932-36 1960-64 1971 1975 1984 
U p t a k e by yield 38 48 61 76 84 
Supplied 
b y manures 16 18 20 21 30 
b y fertilizers — 7 45 82 71 
b y by-products 
— — 
17 25 24 
Tota l 16 25 82 128 125 
Balance - 2 2 - 2 3 21 52 41 
""Intensity of the saldo, % 42 52 134 168 149 
* Quotient shows h o w much percentage of the K-uptake had been returned by ferti l ization. 
Searching for d a t a of K - e x p e r i m e n t s wi th maize , several h u n d r e d in-
d iv idual t r ia ls were f o u n d in the l a s t 30 years of H u n g a r i a n l i t e r a tu r e . The 
d u r a t i o n of these t r i a l s were 2 - 4 - 8 yea r s wi th maize monocul ture or w h e a t -
maize—maize-wheat d icu l tu re . To min imize the " y e a r - e f f e c t s " t h e ind iv idua l 
(yearly) d a t a of a c e r t a i n long- term t r i a l are expressed in t h e 2 - 4 - 8 y e a r 
average t o receive m o r e stable K-responses in t h a t place. Al toge ther 41 ex-
pe r imen t s showing t h e K-responses in an average of less t h a n 10 yea r s , were 
formed in this way o u t of the severa l h u n d r e d ind iv idua l t r ials . T h e p l a n t 
popu la t ion densi ty w a s usually 3 1 - 4 8 thousand p l a n t s / h a a t t h e beginning , 
and 5 6 - 7 1 thousand p l an t s /ha at t h e end of the per iod . The basic N and P 
given w a s most ly b e t w e e n 120 and 160 kg/ha N a n d 60 and 100 kg /ha P 2 0 5 . 
On t h e basis of К tr ial da ta of maize f o u n d in Hunga r i an l i t e r a tu re 
be tween 1960 and 1989, a re la t ionship be tween t h e A L - K , 0 con ten t ( E g n é r -
R i e h m - D o m i n g o 1960) of K-control ( N P ) plots a n d t h e relat ive yield (yield 
in NP/y i e ld in N P K • 100) and be tween the A L - K 2 0 in K-control p lo t s and 
surplus (yield in N P K - y i e l d in N P , t / h a ) is expressed in Fig. 2. T h e A L - K 2 0 
conten ts in the K - c o n t r o l plots r e fe r to the n a t i v e (original) K - s u p p l y i n g 
power of t h e soils, because in the expe r imen ta l f ie lds there was no prev ious 
K-fer t i l iza t ion, or i t occur red only to a small e x t e n t . T h e highest K-responses 
(i.e. smal les t relative yields) were observed wi th maize t h e sandy soils, origin-
ally poor in K. The K-responses were less in s a n d y loams, loams, a n d were 
minimal in clay loam a n d clay soils. I n t h e l a t t e r case sometimes t h e r e was 
no K-responses in t h e maize a t all. T h e connect ion between t h e A L - K 2 0 
con ten t s of K-control p lo t s and t h e re la t ive yields is described b y a s a t u r a -
t ion cu rve , i.e. the soil originally b e t t e r supplied w i th К shows smaller K-res-
ponses (F ig . 2 A). T h e changes in soil t e x t u r e ( the increase of clay c o n t e n t 
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Fig. 2. Relationship among the A L - K 2 0 content of control plots, the relative yield and the 
surplus of maize in trials carried out in Hungary between 1960 and 1989 
of t h e soils) w e r e followed b y t h e increase of t h e AL-K conten ts , too . As i t is 
seen in the K- response curves, t h e A L - K c o n t e n t s character ised t h e K-supp ly 
of t h e soils q u i t e accura te ly . Fi i leky (1987) r epor t s t h a t in po t exper iments 
w i t h ryegress (6 cuts) on typ ica l soils of H u n g a r y the bes t connect ion be t -
w e e n the K - u p t a k e of the p l a n t s and t h e soil K- t e s t s was in t h e case of t h e 
AL-me thod (r = 0.86), showing b e t t e r corre la t ions t h a n E U F (r = 0.82) a n d 
Mehlich (BaCl2) (r = 0 .71)-methods . On t h e basis of K-response d a t a of maize 
in the last 30 yea r s , no clay l o a m and clay soils were found w i t h originally 
p o o r or even m e d i u m K-supp ly categories (i.e. showing large K-responses) . 
T h e soils suppl ied maize wi th po tass ium well or ve ry well w i t h o u t a n y K-fer-
t i l izat ion. Th i s is possible n o t t r u e for p o t a t o e s and sugarbeets , which need 
even more p o t a s s i u m t h a n does maize. The small number of t r ia l s on those 
soils is to be considered also (F igure 2 A). 
The connec t ion be tween t h e AL-K c o n t e n t s of the soils a n d t h e surplus 
in maize gra in yields (yield in N P K - N P , t / ha ) was found to be hyperbol ic 
(Fig . 2 B). I n sandy soils originally poor in K-surpluses in maize gra in 
yield were o b t a i n e d up to 2.5—2.9 t /ha , while no surplus, or a minimal one, 
was received in clay soils. 
In Table 3, t he effect of К- fe r t i l i za t ion is shown on soils w i th d i f fe ren t 
soil t ex tu re a n d o ther soil p roper t ies . If К д (i.e. t h e upper l imi t of p las t ic i ty , 
according to A r a n y ) is < 30: s and ; 31—37: s a n d y loam; 38 -42 : l oam; 43 -50 : 
c lay loam; > 51 : the soil is a c layey soil (S te fanovi t s 1971). H u m u s con ten t 
a n d AL-K increase together w i t h the clay c o n t e n t of the soils. To reach maxi -
m u m economic yields of maize , there was 70—130 kg/ha more K 2 0 fertil izer 
Acta Agronomica Hungarica 40, 1991 
POTASSIUM F E R T I L I Z A T I O N I N H U N G A R Y 3 0 3 
Table 3 
K-responses of maize infield trials in Hungary between 1960 and 1989, 
in soils of different textures 
N u m b e r of 
Soil t e x t u r e a v e r a g e d K
 A 
t r i a l s 
H u m u s A L - K . 0 K . 0 
% tog/kg dose 
in K-con t ro l kg /ha 
Yield R e l a t i v e 
in K-con t ro l y ie ld , 
t / h a % 
Surp lus 
t / h a 
Sands 
S a n d y loams 
Loams 
Clay loams 
Clayey soils 
5 
14 
11 
3 
8 28 
36 
40 
45 
56 
1.20 83 
2.14 134 
2.68 156 
2.92 184 
3.27 210 
130 
134 
59 
34 
4.68 74 
5.56 88 
5.43 94 
5.71 96 
7.06 100 
1.68 
0.69 
0.36 
0.16 
needed in s a n d y and sandy l o a m soils t h a n in soils wi th h igher a m o u n t s of 
c lay . The grain yield in K-cont ro l (NP) p lo ts and the re la t ive yield are higher 
in heavier soils t h a n in light ones . Surpluses change in t h e opposi te direct ion. 
Never theless , K-responses can also be a f fec ted b y not only t h e soil proper t ies 
i n t h e ploughed layer , bu t b y o t h e r character is t ics (e.g. t h e d e p t h of ground 
w a t e r f rom t h e surface, dep th of t h e h u m u s layer , obs t ruc t ive layers , etc.), 
t oo . According t o soil t ex tu re , 1 6 % of t h e soils in H u n g a r y are s a n d y soils, 
1 0 % are sandy loams, 4 3 % are loams, 1 9 % are clay loams and 7 % are clays 
(Vára l lyay et a l . 1980). On loams, represen t ing the largest p a r t of soils 
in H u n g a r y , t h e average su rp lus was 0 .2 -0 .8 t / ha in maize caused b y the 
e f f ec t of K-fer t i l iza t ion in t h e f ie ld expe r imen t s carried ou t in t h e last 30 
y e a r s . 
Among t h e research sites on 14 soils, t he re are also known clay mineral 
composi t ion d a t a (Table 4). On t h e basis of f ield K-response d a t a of maize 
be tween 1960 a n d 1989 there was no connect ion observed be tween t h e clay 
mine ra l composi t ion and K-responses . W i t h the same clay con ten t s , however , 
t h e n u m b e r of t h e soils was n o t suff ic ient t o make a reliable compar i son in 
t h i s regard . 
As a resu l t of positive K-ba lance saldo in the las t 15—20 years , t h e 
A L - K content of Hunga r i an soils has been increasing since t h a t t ime . Pr ior to 
t h e intensive use of (NP)K fer t i l izers , a b o u t half of t h e soils were poor ly or 
modera t e ly supp l i ed with po t a s s ium (S te fanovi t s and Sa rkad i 1963), while 
in 1987, according to Búzás e t al . (1988) t h e area of such soils was diminish-
ed to 1/3 of t h e a rab le land. F igu re 3 shows t h e average A L - K 2 0 con ten t s of 
H u n g a r i a n soils in 1984—1985 (Baranya i , Feke te , Kovács , in : Sa rkad i and 
Vára l lyay 1989). According to A L - K 2 0 supp ly categories e l abora ted on the 
bas is of K-response data of maize t r ia ls carr ied out be tween 1960 and 1989 
(Table 5), we h a v e large areas where p r o b a b l y even maize w i th i ts high 
K - d e m a n d , wou ld not answer (with surp lus in yield) to K-fer t i l iza t ion . I u 
such areas K-appl ica t ion should and can be s topped for years w i t h o u t a n y 
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Table 4 
Relationship between clay content, clay mineral composition, and K-response in maize 
(Clay content, clay mineral composition data: Stefanovits and Rózsavölgyi , in: Fiileky, 1987) 
Clay % 
(2 IXm) 
G a y minera l composi t ion , Re la t i ve 
y ie ld , 
% 
Surp lus 
(yield of 
N P K - N P , 
t / h a ) 111 K a a S m Ve IU-Sm m - a 111-Ve 
1 . ő r b o t t y á n 5.4 50.4 — 22.5 13.6 — 13.5 — — 65 2.33 
2. Nagykanizsa 15.7 58 4 16 6 2 9 5 89 0.66 
3. Keszthely 21.9 59 10 13 6 — 9 3 — 90 0.64 
4. Nagyhörcsök 23.1 47 — 29 16 — 5 3 — 90 0.59 
5. Iregszemcse 24.3 50 — 30 8 — 10 2 — 87 0.83 
6. Mosonmagyaróvár 25.4 48 — 28 16 — 7 — — 96 0.24 
7. Orosháza 27.6 43 — 19 10 6 18 3 1 101 - 0 . 0 6 
8. Szeged-Öthalom 29.1 64 12 20 — — 4 - 94 0.26 
9. Martonvásár 30.3 52 9 11 1 1 8 4 5 94 0.30 
10. Putnok 31.3 33 1 1 — 27 — 19 — 2 95 0.32 
11. Hajdúböszörmény 36.3 29 - 7 47 6 5 3 3 97 0.23 
12. Szarvas 36.8 21 8.3 — 64.1 — 6.6 — — 99 0.06 
13. Karcag 44.8 56 — 17 7 3 11 5 1 102 - 0 . 1 2 
14. Kompolt 46.0 27 20 — 37 — 10 6 — 100 0.02 
111 = illite, Ka = kaolinite, CI = chlorite, Sm = smectite, Ve = vermiculite 
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Fig. 3. Average A L - K „ 0 contents of Hungarian soils, in 1984 (Baranyai -Fekete—Kovács , 
in: Váral lyay, 1989) 
и < 100 
Q 100 - 200 
В 200 - 300 
m 300 - 600 
н 6 0 0 - 500 
loss in y ie ld . Overfer t i l iza t ion with p o t a s s i u m is not economic, and c a n p r o -
mote leaching of i m p o r t a n t nu t r ien t s (Ca, Mg, etc.) i n to deeper layers ( K á -
dár 1988, S te fanovi t s 1985). In sandy soils originally poor in K, h o w e v e r , 
even cereals (wheat , ba r l ey , rye, oats, etc.) could react t o a year ly app l i ca t ion 
of K. I f new da ta of К exper iments are ob ta ined , t h e A L - K 2 0 supply ca t e -
gories can be modif ied according to the new f indings . 
Table 5 
AL-K20 supply categories for maize in different soil textures as estimated from the K-respons 
data infield experiments between 1960 and 1989 
A L - K a O s u p p l y ca tegor ies , m g / k g 
Soil t e x t u r e  
v e r y l o w low m o d e r a t e g o o d e x t r e m e 
Sands < 6 0 6 1 - - 9 0 9 1 - - 1 2 0 1 2 1 - - 1 5 0 1 5 1 < 
S a n d y loams < 1 0 0 1 0 1 - - 1 4 0 1 4 1 - - 1 7 0 1 7 1 - - 2 0 0 2 0 1 < 
Loams * < 1 2 0 1 2 1 - 1 5 0 1 5 1 - - 1 8 0 1 8 1 - - 2 2 0 2 2 1 < 
Clay loams < 1 3 0 1 3 1 - - 1 6 0 1 6 1 - 1 9 0 1 9 1 - 2 4 0 2 4 1 < 
Clayey soils < 1 4 0 1 4 1 - 1 7 0 1 7 1 - - 2 0 0 2 0 1 - - 2 6 0 2 6 1 < 
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Table 6 
Connection between the after-effects of initial (build-up) and the effects of yearly (maintenance) 
application of К on the main yields 
Calcareous chernozem, Nagyhörcsök , 1974-1989 
(Sarkadi, 1979; Kádár-Csathó-Sarkadi , 1989) 
Crop 
I n i t i a l К , О appl.  
i n a u t u m n 1973, 0 
kg /ha 
Maintenance K a O , kg /ha /yea r 
200 200 LSDs% 
Main yield (gra in , t u b e r , root) in t / h a 
After-
e f fec t Effect 
1973/74 
1974/75 
1975/76 
1976/77 
1977/78 
1978/79 
1979/80 
1980/81 
Winter wheat 0 5.6 
( K a v k a z ) 500 5.8 — — 0.2 
1000 5.9 — — 0.3 
1500 6 .0 — — 0.4 
LSD6 % 0.4 
Winter wheat 0 4 .9 5.0 5.3 
( K a v k a z ) 500 5 .2 5.3 5.2 0 .3 
1000 5 .4 5.4 5.4 0.5 
1500 5.5 5.4 5.6 0.6 
LSD5 % 
Maize 0 4.2 5.2 4.8 
(Mv SC 380) 500 5.5 5.2 5.3 1.3 
1000 5.5 5.4 5.3 1.3 
1500 5.2 5.4 5.2 1.0 
LSD6 % 
Maize 0 8.2 8.3 8.1 
(Mv SC 380) 500 8.6 8.4 8.5 0.4 
1000 8.6 8.8 8.3 0.4 
1500 8.7 8.8 8.5 0.5 
LSD 5 % 
Potatoes 0 20.5 26.2 31.7 
(Des irée) 500 26.4 27.7 32.2 5.9 
1000 29.5 30.3 30.8 9.0 
1500 30.2 30.6 30.0 9.7 
LSD 5 % 
Winter barley 0 3.7 3.8 4.0 — 
(Mv 35) 500 3.8 3.9 3.9 0.1 
1000 3.8 3.8 4.0 0.1 
1500 3.8 3.9 3.9 0.1 
LSD 5 % 
Oats 0 5.4 5.1 5.2 
(Leanda) 500 5.2 5.3 5.3 - 0 . 2 
1000 5.2 5.3 5.4 - 0.2 
1500 5.3 5.2 5.1 - 0 . 1 
LSD 5 % 
Sugarbeets 0 47.3 50.5 55.8 — 
(Beta M N 1 ) 500 53.3 54.3 56.0 6.0 
1000 55.2 50.9 57.2 7.9 
1500 53.7 55.8 53.1 6.4 
I .SD5 % 
0.1 0.4 
0.1 0.0 
0.0 0.0 
0.1 0.1 
0.3 
1.0 0.6 
0.3 —0.2 
- 0 . 1 - 0 . 2 
0.2 0.0 
0.6 
0.1 - 0 . 1 
0.2 - 0 . 1 
0.2 - 0 . 3 
0.1 - 0 . 2 
0.5 
5.7 11.2 
1.3 5.8 
0.8 1.3 
0.4 - 0 . 2 
2.8 
0.1 0.3 
0.1 0.1 
0.0 0.2 
0.1 0.1 
0.3 
-0 .3 - 0 . 2 
0.1 0.1 
0.1 0.2 
- 0 . 1 - 0 . 2 
0.6 
3.2 8.5 
1.0 2.7 
4.3 2.0 
2.1 - 0 . 6 
4.5 
0.4 
0.3 
0.6 
0.5 
2.8 
0 .3 
0.6 
4.5 
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Table 6 (cont'd) 
Crop 
I n i t i a l K . 0 appl .  
in a u t u m n 1973, 0 
k g / h a  
Maintenance K , 0 , k g / h a / y e a r 
100 200 100 200 L S D s x 
Main yield (grain, t u b e r , r o o t ) in t / h a 
After-
e f f ec t Ef fec t 
1981/82 
1982/83 
1983/84 
1984/85 
1985/86 
1986/87 
1987/88 
1988/89 
Sunflower 
(Topflor-3) 
P o p p y 
(Kék Duna) 
Rape 
(Yet N e u f ) 
Mustard 
(Budakalászi sárga) 
Spring barley 
(Opal) 
Oilf lax 
(Szegedi 43) 
Soybeans 
(Imola) 
H e m p 
(Kompolt i ) 
0 3.1 3.3 2.9 — 0.2 - 0 . 2 
500 3.1 3.0 2.9 0.0 - 0 . 1 - 0 . 2 
1000 3.1 3.1 2.9 0.0 0.0 - 0 . 2 
1500 3.2 3.0 3.0 0.1 - 0 . 2 - 0 . 2 
LSD t,* 0.4 
0 0.6 0.7 0.8 0.1 0.2 
500 0.7 0.7 0.8 0.1 0.0 0.1 
1000 0.7 0.7 0.8 0.1 0.0 0.1 
1500 0.7 0.8 0.7 0.1 0.1 0.0 
LSD554 0.1 
0 2.0 2.0 1.8 0.0 - 0 . 2 
500 1.9 1.9 2.1 - 0 . 1 0.0 0.2 
1000 1.9 1.7 2.1 - 0 . 1 - 0 . 2 0.2 
1500 1.8 1.9 1.9 - 0 . 2 0.1 0.1 
LSDsx 0.4 
0 2.4 2.4 2.5 0.0 0.1 
500 2.3 2.4 2.6 - 0 . 1 0.1 0.2 
1000 2.6 2.5 2.4 0.2 - 0 . 1 - 0 . 2 
1500 2.4 2.5 2.7 0.0 0.1 0.3 
LSD554 0.3 
0 4.7 5.3 5.4 0.6 0.7 
500 5.0 5.2 5.5 0.3 0.2 0.5 
1000 5.1 5.1 5.5 0.4 0.0 0.4 
1500 5.0 5.2 5.4 0.3 0.2 0.4 
LSD554 0.3 
0 1.6 1.8 1.8 0.2 0.2 
500 1.8 1.9 1.7 0.2 0.1 - 0 . 1 
1000 1.7 1.8 1.8 0.1 0.1 0.1 
1500 1.7 1.9 1.7 0.1 0.2 0.0 
LSD6% 0.2 
0 1.8 2.0 1.8 0.2 0.0 
500 1.9 2.0 1.6 0.1 0.1 - 0 . 3 
1000 1.9 1.9 1.7 0.1 0.0 - 0 . 2 
1500 1.9 1.9 1.6 0.1 0.0 - 0 . 3 
LSD554 0.3 
0 29.2 35.8 37.1 6.6 7.9 
500 31.8 33.4 37.4 2.6 1.6 5.6 
1000 30.8 39.0 33.0 1.6 8.2 2.2 
1500 32.2 38.5 37.1 3.0 6.3 4.9 
LSDsx 6.1 
0.4 
0.1 
0.4 
0.3 
0.3 
0 .2 
0 .3 
6.1 
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(В) Results of a 16-year-old K-fertilizer trial on a calcareous chernozem soil 
The effect of potassium fertilization on the yields 
On a calcareous che rnozem soil, originally m o d e r a t e l y supplied w i t h K , 
in an expe r imen t set u t b y K á d á r in a u t u m n 1973, t h e effect iveness of ma in -
ta in ing К doses beside d i f f e ren t ini t ial K-levels was s tud ied with t h e ma in 
crops cu l t iva ted in H u n g a r y (Sarkadi 1979, K á d á r e t al. 1989, Csa thó 
and K á d á r 1990) (Table 6). The ini t ia l b u i l d i n g - u p of K-appl ica t ion was 
0 -500-1000-1500 kg/ha K 2 0 (0 -415-830-1245 kg/ha K) , and the year ly doses 
of ma in t a in ing K- fe r t i l i za t ion were 0 - 1 0 0 - 2 0 0 kg/ha K 2 0 (0-83-166 kg /ha K) . 
In the t r e a t m e n t s wi th no main ta in ing K-appl ica t ion (fresh К = 0 kg/ha) 
i t was also possible to s t u d y t h e 16-year a f te r -ef fec t of in i t ia l K-appl ica t ions 
on the d i f f e ren t cu l t iva ted p l an t s . Be tween 1974 and 1989, on this soil origin-
ally m o d e r a t e l y supplied w i t h potass ium, po ta toes ( + 11.7 t / h a : 57%) , sugar-
beets ( + 9 . 9 t / h a : 21%) , h e m p ( + 8 . 2 t / h a : 27%) and maize in the re la t ive ly 
d ry year of 1976 ( + 1.3 t / h a : 31%) responded most ly t o K-fer t i l iza t ion. These 
crops are k n o w n as species demand ing К exceedingly. I n t h e wet year of 1977, 
however , maize yields were high, b u t t h e surplus (0.5 t / h a : 6%) was no t 
expressed. I t is generally k n o w n t h a t n u t r i e n t responses c a n be more expressed 
in re la t ive ly d ry years, t h a n in wet ones. Among cereals a n d oil plants , w in te r 
whea t (in 1975), spring b a r l e y and p o p p y showed m o d e r a t e , bu t s igni f icant 
K-responses (0.2-0.8 t / h a : 1 2 - 4 2 % ) . In t h e o the r crops no signif icant response, 
or even no surplus a t all w a s observed (Table 6). 
I n t h e f i r s t years t h e af ter -ef fec ts of initial (bui lding-up) K-fer t i l izer 
were h igher t h a n the e f fec t s of main ta in ing K-fer t i l i za t ion of t h e initial К = 0 
kg/ha level. However, f r o m t h e 5 - 8 t h yea r s of the e x p e r i m e n t K-af te r -e f fec t s 
began to diminish, the c u m u l a t i v e ef fec t of fresh K-app l i ca t ion g radua l ly 
exceeded t h e m . To s u m m a r i z e the year ly appl icat ion of 100 kg/ha K 2 0 (83 
kg/ha K) u p to 1979: 500 k g / h a , up to 1984: 1000 kg/ha, u p t o 1989: 1500 kg /ha 
K 2 0 was given. The effects of f resh К and t h e a f te r -e f fec t of initial K-appl ica-
t ion could be compared e x a c t l y on the basis of m u t u a l K-ba lance saldo in-
tervals . The af ter-effect of 500 kg/ha ini t ial K 2 0 or the e f fec t s of the 100 kg /ha 
ma in ta in ing K 2 0 doses supp l i ed the p l an t s sa t is factor i ly except for t h e mos t 
K - d e m a n d i n g plants , i.e. po t a toes , sugarbee ts , and h e m p . 
The effect of K-fertilization on the ÁL-KJ) contents of the soil 
The doses of 500-1000-1500 kg /ha in i t ia l K 2 0 (415-830-1245 kg/ha K) 
appl ica t ion increased the A L - K 2 0 con ten t s b y 65-151-230 mg/kg (Table 7). 
These di f ferences decreased u p to 1980 to 2 9 - 3 9 - 4 9 mg/kg , and up to 1986 to 
16-42-44 mg/kg , respect ively , by the m u t u a l effect of K- f ixa t ion and K -
u p t a k e b y crops (the b y - p r o d u c t s were r e m o v e d f rom t h e p lo ts in the experi-
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The after-effect of initial (build-up) and the effect of maintenance K-fertilization on the AL-K,0 
Table 7 
1 ( il - )  t  ff t f i t  -fertU 
contents of the soil 
Calcareous chernozem, Nagyhörcsök, 1974—1986 
Y e a r s K , 0 kg /ha — 
°
n
 m " " " 1 0 100 200 L S D s % Mean 0 100 200 L S D g % Mean 
A L - K 2 0 , mg/kg K 0 = 1 0 0 % 
1974 0 128 128 125 127 100 100 98 99 
500 193 203 180 192 151 159 141
 9 Q 150 
1000 279 297 293 37 289 218 232 229 ^ 226 
1500 358 394 346 366 280 308 270 286 
LSD 6 % 37 16 29 12 
Mean 240 256 236 18 244 187 200 184 14 190 
1976 0 138 152 188 152 100 110 136 115 
500 170 188 199 49 181 123 136 144 , , 134 
1000 219 226 240 223 159 164 174 3 0 166 
1500 235 278 312 265 170 201 226 199 
LSDjy. 49 22 36 16 
Mean 190 210 234 23 205 138 153 170 17 154 
1978 0 127 144 172 139 100 113 135 116 
500 145 157 210 39 159 114 124 165
 4 1 134 
1000 173 208 241 195 136 164 190 3 1 163 
1500 225 246 266 233 177 194 209 193 
LSD 5 % 37 17 29 13 
Mean 168 189 222 21 181 132 149 175 16 152 
1980 0 167 191 239 186 100 114 143 119 
500 196 221 259 30 209 117 132 155
 1 R 135 
1000 206 233 290 223 123 140 174 1 146 
1500 216 257 282 241 129 154 169 151 
LSD 6 % 30 13 18 8 
Mean 196 225 267 17 215 117 135 160 10 138 
1982 0 156 197 234 196 100 126 150 125 
500 179 191 215 37 195 115 122 138 „ . 125 
1000 189 216 282 229 121 138 181 ^ 147 
1500 193 244 228 222 124 156 146 142 
LSD 6 % 40 23 26 15 
Mean 179 212 240 17 210 118 136 154 11 135 
1986 0 130 206 274 203 100 158 211 156 
500 146 212 260 36 206 112 163 200 „„ 158 
1000 172 229 304 235 132 176 234 181 
1500 174 242 303 240 134 186 233 184 
LSD 5 % 30 16 23 12 
Mean 156 222 285 26 221 120 171 220 20 170 
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t / ha 
5.8-
5 . 6 / 
5 U 
5.2-
1975 
Winter wheat 
120 з 5 о 
AL- KjO mg/kg 
20 300 
AL- K 20 mg/kg 
t / h a 
A. 0 
3 . 6 / 
3.2 
1979 
Winter bar ley 
120 200 
A L - K j O m g / k g 
t / h a 
5 6 
5.2 
4.8 
1980 
Oats 
120 200 
AL- K20 m g / k g 
t / h a 
8 8 
8 6 
8.4/ 
8.2 
60 
1977 
Maize 
120 300 
A L - K 2 0 mg/kg 
t / h a 
30/ 
28-
26 
24/ 
22-
20 
1978 
Potatoes 
120 300 
AL- K 2 0 mg/kg 
t / ha 
55 
53 
511 
A9 
U1 
45 
1981 
Sugar beets 
120 200 
AL- K20 mg/kg 
t / h a 
3.2 
3.0/ 
2.8 
1982 
Sunf lower 
120 200 
AL - K 2 0 mg /kg 
t /ha 
0 7 0 
0 . 6 0 
0.50 
1983 
Poppy 
120 180 
AL-KjO mg/kg 
t / h a 
2.1 
2 . 0 
1.9 
1.81 
1.7 
1 6 
1984 
Rape 
120 180 
A L - K j O mg/kg 
t / ha 
2.7 
2 . 6 
2.5 
2.4 
2.3 
2.2 
1985 
Mustard 
120 180 
AL-KjO mg/kg 
t /ha 
5.2 
5 0 
4 . 8 
4.6 
1986 
Spri ng barley 
120 18C 
AL-KjO mg/kg 
t/ha 
1.8 
1.7-
1 . 6 -
1.5 
1987 
Oil flax 
120 180 
AL - KjO mg/kg 
t / h a 
2.0 
1.9 
1.8 
1.7 
1988 
Soybeans 
120 180 
AL-K 2 0 mg/kg 
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ment) . I n i t i a l quick high f i xa t i on of b u i l d - u p doses was followed b y a n equi-
l ibr ium s t a t e in AL-K c o n t e n t s f rom t h e 8 t h year of t h e t r ia l . As an e f fec t of 
100 kg/ha ma in ta in ing y e a r l y appl ica t ions of K 2 0 , t h e ex t rac tab le A L - K 2 0 
content was increased b y 24 mg/kg up t o 1980, and b y 76 mg/kg u p t o 1986. 
I n the case of 200 kg /ha /yea r doses, t h e increases were 72, and 144 mg/kg, 
respect ively. T h e f ixa t ion of the 500-1000-1500 kg/ha in i t ia l doses cou ld not 
be coun te rba lanced a t t h e beginning b y t h e 100-200 k g / h a year ly appl ica t ions , 
b u t la ter on , b y the ef fec ts of positive K-ba lance saldos, af ter a whi le even 
in the p lo ts ini t ial ly receiving building u p doses of K , A L - K con ten t s began 
to increase. 
(C) Connection between the AL-K20 content of soil and the yields 
The connect ion b e t w e e n the A L - K 2 0 contents of soils and t h e af ter -
effects of t h e ini t ial K-appl ica t ions is s h o w n in Fig. 4. On soils s imilar t o t h a t 
on which ou r exper iment w a s set up , i t is usually adv isab le to raise t h e AL-
K 2 0 con t en t u p to 200—220 mg/kg. H i g h e r doses are t o be added t o crops 
demanding larger a m o u n t s of К (po ta toes , sugarbeet , maize, h e m p , etc.), 
while K-fer t i l i za t ion of cereals and o i lp lan t s (except fo r poppy) can be moder-
a ted or even s topped. However , when t h e previous p l a n t is alfalfa w i t h its 
high K - u p t a k e , normal K-fer t i l iza t ion of these p lan ts is advisable. 
The effect iveness of main ta in ing K-fer t i l iza t ion on different K-levels 
(i.e. on p lo t s former ly fer t i l ized with d i f f e r e n t init ial [bui lding-up] K-doses) 
is shown in Fig . 5. The e f fec t or addi t ive effect of f r e sh K-appl ica t ion is the 
highest — as also was t h e case with t h e af ter -ef fec ts — in hoed p l a n t s (pota-
toes, sugarbee t s , maize, h e m p ) . However , in the plots w i t h previous applica-
t ion of K , t h e subsequent doses of f r e sh К resulted in lower and lower sur-
pluses. As described by t h e Mitscherlich—Baule equa t ion , t h e p lants w e r e able 
t o take u p h igh amoun t s of К given previously . L á n g (1978) and Lász t i t y 
(1989) r e p o r t e d similar f i nd ings on a b r o w n forest soil according to R a m a n n , 
and on a calcareous s a n d y soil, respec t ive ly . However , t he a f t e r - e f f ec t of 
init ial K-app l i ca t ion decreased with t i m e , and in the 16 th year of t h e experi-
ment , as t h e effect of f r e sh K-fer t i l i za t ion , the surp lus in hemp s t a lk s was 
signif icant even on plots previously fer t i l ized wi th bui lding-up doses of К 
(Table 6, F ig . 5). 
Acta Agronomica Hungarica 40, 1991 
POTASSIUM F E R T I L I Z A T I O N I N H U N G A R Y 3 1 5 
References 
Balla, A. (1980): Istál lótrágyázási és műtrágyázás i kísérletek Martonvásáron 1958-1978-ban. 
(Farmyard manuring and ferti l ization trials at Martonvásár 1958-1978) . Növényterme-
lés, 29, 347-356 . 
Balla, A. , Sarkadi, J . (1977): Kukorica- és búzatermesztési kísérletek monokul túrában és 
vetésváltással . (Fie ld experiments comparing maize and wheat yie lds in continuous 
cropping and crop rotation). Növénytermelés, 26, 6 9 - 7 9 . 
Berzsenyi-Janosits , L. (1953): Tenyészterület-kísérlet kukoricával . (Trials of corn spacing.) 
Növénytermelés, 2, 110-115. (22) 
Búzás , I . , Karkal ik-Horváth, Zs., Tihanyi , F . (1988): A műtrágyázás gyakorlatának összehason-
lítása az 1987. évi kukoricatermesztési adatok alapján. (Comparison of t h e fertilizer 
recommendat ion and the farm pract ice of the fertilizer application on the basis of the 
maize production data in 1987). Hungagrochem '88. 183-189 . 
Csathó, P . , Kádár, I. (1990): Adatok a foszfor és kál ium fel töl tő-fenntartó műtrágyázáshoz . 
(Contribution to the question of bui ld-up and maintaining P K ferti l ization). Agrokémia 
és Talajtan, 39 , 111 — 126. 
Cserháti, S., Kosutány , T. (1887): A trágyázás alapelvei. (The principles of manuring and 
fertil ization). Orsz. Gazd. Egy. K ö n y v k i a d . Váll., Budapes t , 438. 
Denke , J. (1974) (szerk.): Trágyázási kutatások eredményei. 2. Kukorica. (The results of in-
vest igat ion w i t h fertilizers. 2. Maize.) Budapest , 72. 
Dorner, B. (1924): A kereskedelmi trágyák történelme, gyártása és használata. (The history, 
production and use of artificial fert i l izers .) Athenaeum, Budapest , 508. 
Egnér, H. , Riehm, H. , Domingo, W. R . (1960) : Untersuchen über die chemische Boden-
analyse als Grundlage für die Beurte i lung des Nährstof fzustandes der Böden . II. K. 
Lantbr. Högsk., Ann., 26, 199. 
Feke te , В . (1959): A hazai kál iumtrágyázás kritikai elemzése. (Critique on t h e use of potas-
s ium fertilizers in Hungary). Agrártudomány, 11, (8 -9 ) , 20-24 . 
Fi i leky, G. (1987): P o t a s s i u m supply in typ ica l soils of Hungary . Bull, of the Univ. of Agric. 
Sei., Gödöllő, 1, 113-119 . 
Győrf fy , В. (1962): A kukorica állománysűrűségének hatása a műtrágyák érvényesülésére. (The 
ef fect of plant populat ion density of maize on the responses to fertilizers). In: Kukorica-
termesztési Kísérletek 1958-1960. Akadémiai Kiadó, Budapes t , 96 -114 . 
Győrf fy , B. (1979): Faj ta , növényszám és műtrágyahatás a kukoricatermesztésben. (Connec-
t ion among cult ivars (hybrids), p lan t populat ion dens i ty and responses t o fertilizers 
in maize production) . Agrártudományi Közlemények, 38, 309-331 . 
H a m m e r , E. (1977): Műtrágyázási kísérletek kukorica monokultúrában Duna-Tisza közi homok-
talajon. (Fertil izer trials in maize monocul ture set up on a sandy soil at t h e Duna-Ti sza 
region.) A mezőgazdaság kemizálása. N E V I K I . Veszprém-Kesz the ly , 8 2 - 8 9 . 
I'só, I. (1958): Országos tenyészterület-kísérletek eredményei. (The results of some nat ional spacing 
trials with maize . ) In: Kukoricatermesztés i Kísérletek 1953-1957. Akadémia i Kiadó, 
Budapest , 205 -222 . 
Kádár , I. (1980): A k á l i u m jelentősége fö ldműve lé sünkben és a csernozjom ta laj termékeny-
ségében. (Signif icance of potass ium in our agriculture and in the fert i l i ty of a chernozem 
soil.) Agrokémia és Talajtan, 29, 5 7 7 - 5 9 4 . 
Kádár , I. (1987): Földművelésünk ásvány i tápanyagforgalmáról . (Mineral nutr ient turnover of 
agriculture in Hungary . ) Növénytermelés, 36, 517-526 . 
Kádár , I. (1988): Túl táplá l t földek. (Overferti l ized fields). Figyelő, Dec. 1. 1988. 
Kádár , I . , Lászt i ty , В . (1979): A fe l töltő foszfor és kál ium műtrágyázás lehetőségének vizsgá-
lata néhány magyarországi talajon. ( Invest igat ion of the possibilities of fertil izing wi th 
amel iorat ive P- and K-doses on some Hungarian soils.) Agrokémia és Talajtan, 28, 
123-142. 
Kádár , I . , Csathó, P . , Sarkadi, J. (1989): A talaj P K e l látot tsága és a P K - t r á g y á z á s hatékony-
sága közötti összefüggés meszes csernozjom talajon. (Relat ionship b e t w e e n the P K 
supply of the soil and the P K responses of various crops on a calcareous chernozem soil.) 
MTA Talajtani Társaság Vándorgyűlése , Szarvas, Agrokémia és Talajtan, 38, 78-82 . 
Kadl icskó , В., Kriszt ián, J. (1977): N - P - K műtrágyaadagolás i kísérletek kukoricával és tavaszi 
árpával, erodált agyagbemosódásos barna erdőtalajon. ( N - P - K fertil izer rates trials 
w i t h maize and summer barley on eroded clay a l luviated brown forest soil.) Növény-
termelés, 26, 315 -322 . 
Kadl icskó, В., Kriszt ián, J. , Holló, S. (1988): Kál ium műtrágyázási kísérletek eredményei 
barna erdőtalajokon. (Results of potass ium ferti l ization trials on brown forest soils.) 
Növénytermelés, 37 , 43-51 . 
4* Acta Agronomica Hungarica 40, 1991 
3 1 6 I . K Á D Á R et al . 
Keresz tény , В. (1958): A műtrágyahatás és a talaj k ö n n y e n oldható táplá lóanyag-tarta lma, 
il letve termőképessége között i összefüggés. (Connection among the responses to fertil-
izers, the easi ly soluble nutrient content and fert i l i ty of soils.) Agrokémia és Talajtan, 
7, 127-140. 
Klenczner , I., Raj tmár , J . , Yass, E. (1973): Tartaléktrágyázás lehetőségei különböző talajtípuso-
kon. (The possibil it ies of build-up ferti l ization on di f ferent soils). A mezőgazdaság kemi-
zálása. N E V I K I - K A E Ankét . 119-126 . 
K o v á c s , К . : Káliumtrágyázási kísérletek eredményei a Kísérletügyi Közlemények c. folyóiratban 
1898-1947 között. (The results of K-response trials w i t h different crops published in 
"Kísérletügyi K ö z l e m é n y e k " b e t w e e n 1989 and 1947). Manuscript. 
K o z á k , M. (1977): A ká l iumműtrágyázás hatása a búza, kukorica és takarmányborsó termésére 
és tápanyagtarta lmára. (Responses of yields and nutr ient contents of wheat , maize 
and cow-pea t o potass ium fert i l izat ion.) Agrokémia és Talajtan, 26, 3 6 3 - 3 7 8 . 
Krámer , M. (1967): A műtrágyák és az istállótrágya hatásának, illetve kölcsönhatásának vizsgálata 
martonvásári tartamkísérletekben. (Studies on manure and fertilizer e f fec ts and inter-
actions in long- term experiments at Martonvásár.) In : Trágyázási kísérletek 1955-1964. 
Akadémiai Kiadó , Budapest , 131 -151 . 
Krámer , M., Pekáry, K . (1962): A műtrágyázás hatása a kukorica terméshozamára istállótrágyá-
zott és nem istállótrágyázott talajon. (The effect of fert i l izat ion on the yield of maize on 
a manured and an unmanured soil.) In: Kukoricatermesztés i Kísérletek 1958-1960. 
Akadémiai Kiadó , Budapest , 1 2 5 - 1 3 0 . 
Krámer , M., Latkovics , Gy. (1971): Az őszi búza- és a kukorica-műtrágyázás hatásának vizs-
gálata tartamkísérletben ( 1 9 6 0 - 6 7 ) II . A kísérleti eredmények értékelése másod-
fokú pol inomokkal . (Examinat ion of the effect of fert i l izat ion on winter wheat and 
maize in a long- term experiment . II . Evaluat ion of t h e experimental results b y means 
of quadratic po lynomia l funct ions . ) Agrokémia és Talajtan, 20, 303-322 . 
Kriszt ián , J., Holló, S . , Kadlicskó, В . (1988): Periodikus ká l ium-műtrágyázás . (Periodical 
potass ium fert i l izat ion.) Növénytermelés, 37, 259-266 . 
L á n g , G. (1978): Kál iumtrágyázás i tartamkísérletek. (Long- term field trials w i t h potass ium.) 
Nemz. Mg. Szemle, 1978/4. 7 3 - 7 7 . 
Láng , G., Németh, I. (1977): A kukorica műtrágyázása barna erdőtalajon. (Fert i l izat ion of 
maize on brown forest soil.) Növénytermelés, 26, 177 -184 . 
L á n g , I. (1963): A k á l i u m körforgalma a t a l a j - n ö v é n y rendszerben. (The circle of potass ium 
in the soil-plant sys tem. ) Agrokémia és Talajtan, 12, 1 7 5 - 1 8 8 . 
L á n g , I., Harnos, Zs. (1985): Economic and social constra ints in establishing sustainable 
agricultural s y s t e m s in Hungary . Proc. of the Seminar on Techn. for Sustain. Agric. , 
Budapest , 10. Sept . 1984. Agrokémia és Talajtan, 34, Suppl . 170-180. 
Latkov ic s , Gy. (1963): A kukorica trágyázása és tápanyagfe lvéte le . (Ferti l ization and nutrient 
uptake of maize . ) MTA Agrártud. Oszt. Közi., 12, 4 2 3 - 4 2 9 . 
L a t kov i c s , Gy. (1967): NPK-műtrágyahatások vizsgálata kukorica monokultúrában. (Examina-
t ion of the ef fect of the N P K mineral fertilizers on maize monoculture.) In: Trágyázási 
kísérletek 1955-1964 . Akadémiai Kiadó , 192-207. 
La t kov i c s , Gy. (1979): Az N-, P-, K-műtrágya hatásának vizsgálata kukorica monokultúrában. 
(Maize monoculture response to N P K fertilizer appl icat ions . ) In: Kukoricatermesztés i 
kísérletek. 1968-1974 . Akadémiai Kiadó , Budapest , 2 6 1 - 2 6 9 . 
La t kov i c s , Gy., Krámer, M. (1968): Az őszi búza- és a kukorica-műtrágyázás hatásának vizs-
gálata tartamkísérletben (1960-67) . I. Szemterméseredmények. (Examinat ion of the 
effect of ferti l ization on winter w h e a t and maize in a long-term experiment . I. Grain 
yields.) Agrokémia és Talajtan, 17, 189-200 . 
L á s z t i t y , В. (1976): K ü l ö n b ö z ő ká l iumműtrágyák hatásának vizsgálata karbonátos homokon 
kukorica je lzőnövénnye l . (The e f f ec t of various po tass ium fertilizers on maize yields 
on a calcareous s a n d y soil.) Agrokémia és Talajtan, 23, 3 1 - 4 0 . 
L á s z t i t y , В. (1977): A műtrágyázás hatása a talaj ( fe lvehető) AL-oldható K 2 0 - t a r t a l m á n a k 
alakulására karbonátos homokon. (Ef f ec t of ferti l ization on the [available] AL-soluble 
K 2 0 content of a calcareous sandy soil.) Növénytermelés, 26, 185-190. 
L á s z t i t y , В. (1989): A ká l ium műtrágyázás hatása a termésre karbonátos homoktalajon. 
(Ef fec t of potass ium ferti l ization on the yield on carbonated sandy soil.) Növény-
termelés, 38, 5 5 9 - 5 6 8 . 
Műtrágyázási irányelvek és üzemi számítási módszer (1979): (Guidelines for fertilizer appli-
cat ion and for the calculation of fertilizer doses in farming units). MÉM N A K , Buda-
pest . 
Pekáry , К . (1969): N- , P- , К-műtrágyaadagolási kísérletek kukoricával két északkelet-magyar-
országi termőhelyen. (N- , P-, K-ferti l izer supplying exper iments with corn in north-east 
Acta Agronomica Hungarica 40, 1991 
POTASSIUM F E R T I L I Z A T I O N I N H U N G A R Y 3 1 7 
Hungary. ) In: Kukoricatermesztés i Kísérletek 1965-1968 . Akadémiai Kiadó, Budapest , 
186-201. 
Prohászka, K., Garabi, Gy. (1974): A műtrágyázás hatása a kukoricalevelek tápanyagtartal -
mára. (Effect of ferti l ization on the nutrient content of maize leaves at silking period.) 
Agrokémia és Talajtan, 23, 53—58. 
Sarkadi , J . (1963): Trágyázás i kísérletek fontosabb eredményei . (The main f ind ings of some 
fertilizer trials.) MTA Agrártud. Oszt. Közi., 12, 4 0 9 - 4 2 1 . 
Sarkadi , J. (1979): Az intenzív tápanyagellátás hatása a talaj termékenységére. (The effect of 
intensive nutrient supply on the fert i l i ty of the soils.) Az intenzív műtrágyázás hatása 
a talaj termékenységére. MTA T A K I Ankét , 5 -36 . 
Sarkadi, J . , Várallyay, Gy. , jr. (1989): Adv i sory system for mineral fertilization based on large-
scale land-site maps . Agrokémia és Talajtan, 38, 7 7 5 - 7 8 9 . 
S te fanov i t s , P. (1971): Talajtan. (Soil Science.) 2. átdolg. kiadás. Mezőgazdasági Kiadó, 
Budapest , 66. 
S te fanov i t s , P. (1985): Clay mineral content of soils and fertil izer use. Proc. of the H u n g a r i a n -
Brit ish Joint Seminar . Session B. Soil Ferti l ity. Budapes t , 7 - 1 3 . April, 1984, Agrokémia 
és Talajtan, 34, Suppl . 65-72 . 
S te fanov i t s , P., Sarkadi, J . (1963): A műtrágyázás várható hatásának térképei. (The maps of 
probable responses to mineral fertilizers.) In: S t e fanov i t s P.: Magyarország talajai. 
Akadémiai Kiadó, Budapest , 2nd. ed. 385-386 . 
Szabolcs , I. (1969): Talajvizsgálatok és műtrágyázás . (Soil analyses and the use of fertilizers.) 
MTA Agrártud. Közi., 28, 189-194 . 
Szemes , I . , Lásztity, В . (1980): A ká l iumműtrágyázás hatásának v izsgálata karbonátos 
homoktalajon. ( Inves t igat ion of the ef fect of K-fert i l izat ion on a calcareous sandy soil.) 
Agrokémia és Talajtan, 29, 419-426 . 
Szemes, I . , Lásztity, В . , Kádár, I. (1984): A talaj K-e l lá to t t sága és termékenysége között i 
összefüggés v izsgá lata kukorica monokultúrában. (Connect ion between the K-supply 
and fertility of t h e soil in maize monoculture. ) Agrokémia és Talajtan, 33 , 253-260. 
Váral lyay , Gy., sr. (1950): A műtrágyázást irányító kísérletek és vizsgálatok. (Trials and 
analyses directing the fertilizer use.) Agrokémia, 2, 2 8 7 - 3 0 2 . 
Váral lyay , Gy., jr., Szűcs, L., Murányi, A. , Bajkai , К . , Zilahy, P . (1980): Magyarország termő-
helyi adottságait meghatározó talajtani tényezők 1 : 100,000 méretarányú térképe. II . 
(Map of soil factors determining the agro-ecological potent ia l of Hungary (1 : 100,000) 
II . ) Agrokémia és Talajtan, 29, 35 -76 . 
4* Acta Agronomica Hungarica 40, 1991 

Acta Agronomica Hungarica, Vol. 40 (3-4), pp. 319-332 (1991) 
E F F E C T O F A M E N D M E N T S ON G R O W T H , 
N O D U L A T I O N A N D N I T R O G E N F I X A T I O N B Y 
BERSEEM (TRIFOLIUM ALEXANDRINUM) IN 
A C A L C A R E O U S S A U I N E - A L K A L I SOIL 
L . L . S O M A N I 
D E P A R T M E N T O F S O I L S C I E N C E A N D A G R I C U L T U R E C H E M I S T R Y S. K . N . C O L L E G E O F 
A G R I C U L T U R E , J O B N E R , I N D I A 
(Received: 11 May, 1989; accepted: 17 October, 1989) 
A pot experiment w a s conducted to s tudy germination, growth and nodulat ion 
of Berseem in a saline-alkali soil treated w i t h organic and inorganic a m e n d m e n t s 
(alone and in conjunct ion) for reclamation. Higher salt concentrat ion and exchangeable 
sod ium were found to act addit ively to cause adverse e f fec ts on germination, growth 
and nodulat ion of berseem. The improvement in germination, growth and nodula t ion 
of berseem under var ious treatments was related to the e x t e n t of reclamation brought 
about . However , n i trogen content showed a reverse trend. The adverse effect of soluble 
salts and exchangeable sod ium was more severe on nodulat ion as compared to t h a t on 
p lant growth. The ni trogen f ixat ion e f f ic iency of berseem w a s significantly improved 
b y t h e use of organic or inorganic amendments , but a combinat ion of both had an addi-
t ive e f fec t . Stepwise a n d multiple regression analyses were carried out for e s t imat ing 
and ranking the contr ibut ion of soil properties such as p H , EC and organic mat ter 
c o n t e n t towards germinat ion, growth and nodulat ion of berseem. 
Keywords: berseem, nitrogen f i x a t i o n , nodulation, reclamation, sal ine-alkali 
soils 
Introduction 
Berseem is one of t h e favour i te fodder crops. T h e impor tance of ino-
culating legume seeds w i th effective s t ra ins to obvia te nitrogen deficiency 
and build u p soil fer t i l i ty is well-known. Saline and alkali soil cons t i tu te an 
unfavourab le envi ronment for growth and mult ipl icat ion of rhizobia, root 
nodules and for the over-all growth of t he p lan t . Several studies were carried 
out in t he pas t to determine t he salt to lerance of various legumes and rhizobial 
strains to t h e saline env i ronment (Sen 1964, Pillai and Sen 1966, Subbarao et 
al. 1972, B h a r d w a j 1974, Ba lasubraman ian and Sinha 1976, Kumar and Garg 
1981 and K u m a r and Promi la 1983) bu t t he re is lack of informat ion as t o how 
nodulat ion and growth are affected dur ing reclamat ion. I n t he present invest i-
gation a calcarious saline-alkali soil in the process of reclamation unde r the 
influence of various organic and inorganic amendmen t s was used t o s t u d y 
germination, growth, nodula t ion and ni t rogen f ixat ion b y berseem ( T r i f o l i u m 
alexandrinum). 
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Mater ia ls and me thods 
This pot exper iment was carried out on a typical calcareous saline-alkali soil of Rajas than 
t o s tudy the e f f ec t i venes s of some organic materials a lone, and in conjunct ion with inorganic 
a m e n d m e n t s in i m p r o v i n g the sal ine-alkali soil and to e v a l u a t e their resul tant effect on growth, 
nodulat ion and n i trogen fixation b y berseem. The soil w a s first treated in the field and after 
leaching, was u s e d for this exper iment . F i f ty percent of the gypsum requirement was m e t b y 
apply ing gypsum (6400 kg/ha) or sulphur (1195 kg /ha) . Four sources of organic materials , 
n a m e l y Dhaincha (Sesbania aculeala), farm yard m a n u r e (FYM), poul try manure and rice 
b u s k were used t o supply 0.5% of organic carbon in t h e plough layer. A detai led description 
of each treatment is g iven below: 
Control: Leaching a lone 
G y p s u m : at the rate of 6400 kg/ha 
Su lphur: at the rate of 1195 kg/ha 
F Y M : at the rate of 10,000 kg of organic carbon/ha 
F Y M -f- gypsum: F Y M at the rate of 10 ,000 kg of organic carbon/ha + g y p s u m 
at t h e rate of 6400 k g / h a 
F Y M + sulphur: F Y M at the rate of 10,000 kg of organic carbon/ha + sulphur 
a t t h e rate of 1195 k g / h a 
D h a i n c h a (DA): at t h e rate of 10,000 k g of organic carbon/ha 
T„ -
Ti -
T, -
T ; -
т . -
Table 1 
Physico-chemical characteristics of the soil profile used for the experiment 
Horizon 
Gnaraeter is i ius 
A в с D 
D e p t h 0 — 1 5 15—30 30—45 45—70 
Boundary Diffuse Diffuse Clear Clear 
Colour 10 yr 7/1 10 yr 5/2 10 yr 4/1 10 yr 3/2 
light light dark very dark 
grey grey grey grey 
Structure Blocky Blocky Puddled Puddled 
Texture Clay loam Clay Clay Clay 
Consistency Compact Compact Sticky Very st icky 
p H 9.5 9 .3 9.2 9.0 
Permeability 5 l ight ly Less Impeded Impeded 
permeable permeable 
Moisture (% dry weight) 3.51 3.83 4.21 4.50 
Organic С (%) 0.16 0 .14 0.13 0.10 
E C (m mhos/cm) 12.81 11.80 10.40 10.10 
CEC (m e/100 g) 19.55 18.74 17.82 17.16 
Mechanical analysis (percentage of mineral matter) 
Sand 55.5 50.6 46.2 44.5 
Si l t 12.5 12.9 13.4 14.2 
Clay 32.3 36.5 40.4 41.3 
Exch . Ca(m e /100 g) 4 .2 4.6 4.2 3.7 
E x c h . Mg(m e /100 g) 8.1 8.1 7.8 7.8 
E x c h . К (m e /100 g) 0 .3 0.2 0.2 0.2 
E x c h . Na(m e /100 g) 5.9 5.7 5.4 5.4 
CaC0 3 (%) 4.2 3.9 5.1 6.8 
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T7 — Dhaincha + gypsum: at the rate of 10,000 kg of organic carbon/ha -f- g y p s u m 
at the ra te of 6400 kg/ha 
T 8 — Dhaincha + sulphur: Dha incha at the rate of 10,000 kg of organic carbon/ha + 
sulphur at the rate of 1195 kg/ha 
T 9 — Poultry manure (PM): at the rate of 10,000 kg of organic carbon/ha 
T 1 0 — PM + g y p s u m : PM at t h e rate of 10,000 kg of organic carbon/ha + g y p s u m at 
the rate of 6400 kg/ha 
Т ц — PM -+- sulphur: PM at the rate of 10,000 kg of organic carbon/ha + sulphur at 
the rate of 1195 kg/ha 
Т ц — Rice husk (RH): at the rate of 10,000 kg of organic carbon/ha 
T 1 S — R H -f- g y p s u m : R H at the rate of 10,000 kg of organic carbon/ha -f- g y p s u m 
at the rate of 6400 kg/ha 
T ) 4 — R H + sulphur: R H at t h e rate of 10,000 kg of organic carbou/ha + sulphur at 
the rate of 1195 kg/ha 
The field was irrigated 15 t imes for the leaching of soluble salts. The details of soil profile 
of t h e area under s tudy , also of irrigation water and chemical properties of the organic materials , 
have been described in Tab le s 1, 2 and 3. For the present exper iment , soils were col lected from 
these treatments after 250 days of incorporation fol lowed b y leaching. These soils were dried 
and s ieved to pass t h r o u g h a 2 m m sieve , and then f i l led in pots of 5 kg capacity. Th ir ty ber-
s e e m seeds were sown in each of the 60 po t s (15 treatments X 4 replications) and irrigated b y 
water containing 18 m e / 1 of salts. This water was prepared b y dissolving chloride salts of 
sod ium and calcium in t h e ratio of 1 : 2. Germination was recorded after Í0 days of sowing. 
P lant s were thinned to 7 in all the pots after recording germination. These pots were irrigated 
Table 2 
The salinity and other characteristics of the original surface soil and the irrigation 
water used in reclamation of the area 
Cbaracter is t ics 
S a t u r a t i o n 
e x t r a c t of 
soil 
I r r iga t ion 
w a t e r 
EC m mhos /cm 12.8 2.4 
p H 9.4 8.1 
Sodium adsorption ratio (SAR) 24.9 13.2 
N a + ( m e/1) 82.3 19.1 
Ca++ ( m e/1) 17.5 1.7 
Mg + + ( m e/1) 32.3 2.5 
K + ( m e/1) 0.5 0.3 
CO5- ( m e/1) 0.7 0.3 
HCO§- ( m e/1) 1.2 0.4 
Cl - ( m e/1) 83.5 16.6 
SOI" ( m e/1) 44.5 5.6 
Boron (ppm) 0.1 0.1 
Fluorine (ppm) 10.2 5.6 
Water holding capacity (%) 
Gypsum requirement (kg/ha) 
Exchangeable Na (%) 
Hydraul ic conductivity (cm/hr) 
Bulk dens i ty (g/cc) 
Dispersion coefficient (%) 
29.50 
128.00 
30.23 
0.035 
1.84 
79.05 
Aggregate size distribution: 
Aggregates > 0.25 m m (%) 
Aggregates 0.10—0.25 m m (%) 
6.85 
10.14 
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Table 3 
Chemical composition of organic materials 
Organic m a t e r i a l s 
C o n s t i t u e n t s F a r m y a r d 
m a n u r e 
(FYM) 
Dha incha 
(DA) 
R i c e h u s k 
( R H ) 
P o u l t r y 
m a n u r e 
(PM) 
С % 32.91 48.32 42.33 34.51 
N % 1.32 2.68 0.82 1.22 
P % 0.63 0.39 0.17 0.44 
s % 0.53 0.46 0.15 0.46 
К % 0.53 0.86 2.88 0.78 
C /N 25 : 1 14 : 1 52 : 1 28 : 1 
C/P 52 : 1 124 : 1 249 : 1 78 : 1 
C/S 62 : 1 101 : 1 282 : 1 75 : 1 
Table 4 
Effect of organic and inorganic amendments on the physical properties of the 
saline-alkali soil 
Hydraul ic 
T r e a t - conducti- , Wate r -ho ld ing Di spe r s ion Aggregate eise D i s t r i bu t ion 
m e n t s v i ty dens i t y c a p a c i t y coeff ic ient > 0.25 m m 0 .10—0.25 m m 
(cm/hr) ( « M 
T„ 0.04 1.84 33.87 (31.05) 62.71 (78.98) 15.64 (7.26) 19.49 (11.13) 
Ta 0.12 1.74 37.06 (36.31) 51.20 (60.73) 20.35 (12.09) 26.65 (20.11) 
T2 0.16 1.69 38.39 (38.55) 47.57 (54.45) 22.78 (14.99) 32.31 (28.57) 
T3 0.08 1.76 36.44 (35.29) 53.64 (72.91) 17.29 (8.83) 27.08 (20.73) 
T« 0.16 1.72 33.48 (38.71) 50.21 (59.05) 21.63 (13.82) 34.94 (32.80) 
T s 0.22 1.68 41.28 (43.51) 46.08 (47.40) 23.68 (16.13) 36.02 (34.59) 
T6 0.12 1.67 37.30 (36.71) 51.81 (35.73) 20.72 (12.52) 22.76 (14.97) 
T, 0.20 1.58 39.96 (41.25) 41.91 (44.61) 25.05 (17.93) 27.20 (20.90) 
T8 0.29 1.48 42.62 (45.85) 38.52 (51.49) 28.77 (23.16) 32.03 (28.13) 
T9 0.11 1.72 35.98 (34.51) 56.52 (69.55) 18.06 (9.61) 23.45 (15.64) 
Tio 0.17 1.68 37.78 (37.53) 48.09 (53.39) 22.94 (15.19) 30.33 (25.50) 
Tu 0.25 1.66 40.29 (41.81) 40.84 (42.80) 24.67 (17.42) 34.35 (31.83) 
T12 0.10 1.68 35.25 (33.31) 52.40 (62.77) 17.90 (9.45) 22.19 (14.26) 
T13 0.17 1.60 38.01 (37.91) 42.67 (37.75) 22.13 (14.19) 28.32 (22.36) 
Tu 0.23 1.56 41.17 (43.33) 39.05 (39.69) 26.23 (19.53) 31.30 (26.99) 
S E m ± 0.048 0.029 1.069 1.590 0.335 0.598 
LSD5% 0.137 0.024 3.054 4.541 0.957 1.709 
Note: Figures outside the parentheses are the transformed values of the percentage data 
fol lowing angular transformation, while f igures within parentheses represent the re-transformed 
va lues (Fischer and Yates , 1963). 
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Table 5 
Effect of organic and inorganic amendments on the salt balance and chemical characteristics of the saline-alkali soil 
EC Organic ca rbon Exchangeable cation» (perçant of t o t a l CEC)  
P H m m h o e / c m (%) ' ^
 C a + + M g + + K + 
T. 9.30 12.55 2.40 (0.18) 31.17 (26.80) 30.31 (25.49) 36.90 (36.05) 15.52 (7.17) 
T, 8.85 10.88 2.90 (0.21) 26.46 (21.24) 34.10 (31.41) 36.25 (34.96) 15.94 (7.56) 
T, 8.80 10.05 2.90 (0.27) 26.22 (19.49) 35.31 (33.41) 36.56 (35.49) 16.47 (8.05) 
T8 9.20 12.15 3.22 (0.31) 29.94 (24.91) 30.99 (26.51) 36.82 (35.91) 16.07 (7.66) 
T4 8.82 10.10 3.52 (0.39) 25.97 (19.18) 35.29 (33.40) 36.84 (39.93) 15.74 (7.38) 
т. 8.70 8.15 3.75 (0.41) 24.85 (17.66) 36.47 (35.31) 36.71 (35.71) 15.68 (7.30) 
Te 8.85 10.40 3.01 (0.28) 27.54 (21.39) 34.21 (31.61) 36.03 (34.60) 16.25 (7.98) 
т , 8.70 9.80 3.14 (0.30) 23.84 (16.34) 37.36 (36.81) 36.25 (34.96) 16.80 (9.36) 
т , 8.40 6.75 3.38 (0.33) 21.77 (13.75) 39.16 (39.89) 35.96 (34.49) 17.17 (8.72) 
T, 9.20 11.80 3.34 (0.30) 29.95 (24.92) 31.69 (27.60) 36.47 (35.33) 15.86 (7.49) 
T,« 8.75 10.55 3.43 (0.37) 25.39 (18.39) 35.90 (34.39) 36.26 (34.99) 16.21 (7.79) 
T u 8.60 7.90 3.71 (0.41) 23.36 (15.72) 37.39 (36.85) 36.05 (34.63) 16.75 (8.31) 
т1г 9.15 11.65 3.12 (0.30) 29.83 (24.74) 32.03 (28.13) 36.65 (35.63) 16.65 (8.21) 
T u 8.80 9.90 3.33 (0.32) 26.36 (19.71) 34.83 (32.61) 36.59 (35.53) 16.31 (7.89) 
T u 8.65 7.25 3.52 (0.38) 23.76 (16.23) 36.83 (35.92) 36.54 (35.45) 16.91 (8.46) 
> E m ± 0.07 0.54 0.07 0.89 0.86 Non-signif icant 0.08 
l.SD5% 0.20 1.54 0.19 2.55 2.46 0.23 
Note: Figures outside parentheses are transformed values of the percentage data following angular transformation tables (Fischer and 
Yates , 1963) while figures within parentheses represent the re-transformed values. 
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at w e e k l y intervals. The plants (aerial port ion) were harvested at 50 days of growth after 
recording the plant he ight . The underground portion was carefully t a k e n out from the pots , 
gent ly w i t h all their root sys tems intact , w i t h a stream of s lowly running water to remove the 
adhering soil particles. I n each pot nodules on every root were counted and the mean number 
of nodules per plant was calculated. T h e nodules were again sorted according to their size and 
locat ion o n main and secondary roots. T h e dry weight of the plant was determined b y drying 
at 70 °C for 48 hours. T h e dry matter w a s t h e n ground and the total N was determined b y 
using a micro-kjeldahl method . 
Results and discussion 
T h e effect of i n c o r p o r a t i n g a m e n d m e n t s in t h e sa l ine-a lka l i soil a n d 
the i r r e s u l t a n t e f fec t on soil p r o p e r t i e s , p l a n t g r o w t h , n o d u l a t i o n a n d N - f i x a t i o n 
are as fo l lows: 
Effect on soil properties 
T h e resul ts of phys i ca l a n d chemica l p r o p e r t i e s of sa l ine-a lka l i soil as 
i n f l u e n c e d b y t h e use of organic m a t e r i a l s a n d inorgan ic a m e n d m e n t s fo l lowed 
by l e a c h i n g , h a v e b e e n p r e s e n t e d in Tab les 4, 5 and 6. These d a t a c lea r ly 
revea l t h a t organic m a t e r i a l s or i n o r g a n i c a m e n d m e n t s w h e n used a lone , re-
su l ted i n l imi t ed i m p r o v e m e n t , h u t t h e y h a d an a d d i t i v e e f fec t w h e n used t o g e t h -
er. S u l p h u r , w h e t h e r u sed a lone or a long wi th organic m a t e r i a l s , p r o v e d i t s 
s u p e r i o r i t y over s imi la r g y p s u m t r e a t m e n t s . T h e r a t i o Na+ / C a 2 + + Mg 2 + de-
Table 6 
Effect of organic and inorganic amendments on soluble cations and anions of the 
saline-alkali soil 
Anions (m e /100 g soil) 
T rea t -
To 0.52 1.10 81.50 43.92 
T, — 0.20 51.40 52.84 
T2 — 0.30 41.56 55.14 
T3 — 1.00 78.95 42.10 
T4 — 0.50 42.00 56.10 
T5 — 0.30 24.10 55.34 
T„ — 1.00 48.55 46.46 
T, — 0.45 40.49 56.42 
T8 — 0.25 11.55 56.61 
T9 — 1.00 76.40 41.82 
T„ — 0.50 49.55 56.45 
Tu — 0.25 10.95 57.25 
Tu — 1.00 73.58 40.45 
TM — 0.45 42.59 55.10 
Tu — 0.30 14.75 56.05 
Cations (m e/100 g soil) 
C a ' + + Mgt N a + K + N a + / C a « + + M g " + 
0.54 45.37 80.46 0.45 1.77 
1.03 49.94 58.50 0.54 1.17 
1.33 52.88 50.57 0.54 0.92 
0.53 48.58 77.95 0.48 1.60 
1.34 52.62 50.43 0.60 0.96 
2.31 59.50 30.45 0.64 0.51 
0.96 44.55 56.95 0.50 1.28 
1.39 56.56 32.25 0.62 0.57 
4.90 59.92 18.14 0.73 0.30 
0.53 46.45 72.80 0.49 1.57 
1.14 52.55 50.55 0.62 0.96 
2.87 53.55 19.15 0.69 0.36 
0.55 49.55 70.85 0.52 1.43 
1.29 53.59 44.55 0.66 0.83 
3.80 54.82 18.25 0.75 0.33 
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creased f r o m 1.77 in con t ro l t o 0.30 u n d e r t r e a t m e n t i n v o l v i n g t h e a d d i t i o n of 
d h a incha (Sesbania aculeata Pe rs . ) -(- s u l p h u r . T h e soil p H u n d e r var ious t r e a t -
m e n t s w a s d i r e c t l y re la ted w i t h e x c h a n g e a b l e s o d i u m (r = 0 . 9 8 ; p = 0.001) a n d 
inverse ly w i t h t h e c o n t e n t of e x c h a n g e a b l e ca lc ium (r = 0 .99 ; p = 0 .001) . 
I m p r o v e m e n t in p H and c o n c e n t r a t i o n of so lub le sal ts was f o u n d t o be assoc ia t -
ed w i th c o r r e s p o n d i n g i m p r o v e m e n t s in soil phys ica l p r o p e r t i e s . D h a i n c h a , 
w h e t h e r u s e d a lone or a long w i t h inorgan ic a m e n d m e n t s ( g y p s u m or s u l p h u r ) , 
p r o v e d b e t t e r i n f a v o u r a b l y i m p r o v i n g t h e phys i ca l p r o p e r t i e s of t h e soil, s a l t 
ba l ance , p H , EC , n u t r i e n t a v a i l a b i l i t y a n d c rop yield ove r c o m p a r a b l e t r e a t -
m e n t s i n v o l v i n g t h e o rgan ic m a t e r i a l s ( F Y M , p o u l t r y m a n u r e or rice h u s k ) 
because of i t s succulence , f a s t - d e c o m p o s i n g n a t u r e a n d h i g h c o n t e n t of ca l -
c ium bes ides t h e p r o d u c t i o n of s u l p h u r o u s acid du r ing i t s mic rob ia l t r a n s f o r -
m a t i o n in t h e soil (Somani a n d S a x e n a 1981). 
Effect on growth, nodulation and N-fixation 
T h e d a t a on g e r m i n a t i o n , g r o w t h a n d n o d u l a t i o n p r e s e n t e d in T a b l e 7, 
show an i nc rea s ing g e r m i n a t i o n w i t h r e c l a m a t i o n . I m p r o v e m e n t s in g e r m i n a -
t i o n were l i m i t e d ( a l though s ign i f i c an t l y h i g h e r over con t ro l ) w h e n o r g a n i c 
ma te r i a l s a n d inorgan ic a m e n d m e n t s were u s e d alone, as c o m p a r e d t o w h e n 
Table 7 
Germination, growth and nodulation of berseem 
T r e a t m e n t s 
G e r m i n a -
t i on % 
Height 
cm 
N u m b e r of 
n o d u l e s 
p e r p l a n t 
Dry weigh t 
of nodules 
per p l a n t 
( m g ) 
E f f e c t i v e 
n o d u l e s 
% Per p o t 
(gm) 
D r y m a t t e r 
о/ /о 
N 
To ta l 
N 
N 
f i x e d 
m g / p o t 
T„ 50.3 11.6 24.7 22.9 18.1 2.6 3.48 9.05 39 
Ti 72.3 18.1 34.7 30.7 38.6 4.7 3.25 15.28 121 
T2 76.7 21.3 41.7 36.7 49.3 5.2 3.23 16.80 155 
T3 70.7 15.3 29.7 27.3 30.9 3.8 3.37 12.81 82 
И 
77.7 27.9 45.3 39.9 64.6 7.1 3.22 22.86 167 
T6 87.7 31.1 60.7 52.6 76.5 7.8 3.19 24.88 231 
т6 73.3 15.9 34.3 30.4 39.8 4.3 3.27 14.06 121 
т, 80.7 30.8 51.3 44.6 72.1 7.2 3.21 25.36 202 
т8 89.3 35.1 65.7 55.2 85.5 8.7 3.13 27.23 293 
Т , 69.3 13.9 28.3 26.1 29.1 4.1 3.39 13.90 109 
T A „ 75.7 26.1 42.3 37.1 59.9 6.4 3.23 20.67 168 
T „ 83.3 27.8 53.7 46.2 69.9 7.2 3.17 22.82 245 
Т1 2 66.3 13.1 25.7 23.5 26.6 3.2 3.33 10.66 98 
Т 1 8 76.3 24.1 41.7 36.7 54.5 6.1 3.21 19.58 165 
T U 86.7 27.2 52.3 45.3 66.0 7.1 3.18 22.58 225 
S E M ± 
LSD 5 % 
2.134 
6.095 
0.591 
1.688 
2.076 
5.929 
2.231 
6.372 
1.808 
5.164 
0.256 
0.731 
— — 
4.85 
13.85 
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t h e y were used in con junc t i on . Fo r ins tance t h e ge rmina t ion of 59.3% in control 
increased t o 72 .3%, 7 6 . 7 % , 73 .3% 80 .7% a n d 89 .3% w i t h gypsum, su lphur , 
dhaincha , dha incha + g y p s u m and d h a i n c h a + su lphur , respect ively. Of all 
t h e organic mater ia ls , d h a i n c h a proved t h e bes t . The b e t t e r effect of su lphu r 
as compared t o t h a t of g y p s u m could be a t t r i b u t e d to g r ea t e r i m p r o v e m e n t in 
salt balance, soil physical a n d chemical proper t ies (Tables 4, 5 and 6). The 
i m p r o v e m e n t s b rought a b o u t when organic mater ia ls a n d inorganic a m e n d -
men t s were used toge the r a re related t o t he i r addi t ive amel iora t ive ef fec t as 
is evident f r o m the da t a p re sen ted in Tab les 4, 5, 6 and 7. Wi th in the p H a n d 
EC range of th i s s tudy , t h e i m p r o v e m e n t in ge rmina t ion , height , n u m b e r of 
nodules pe r p l an t , d ry we igh t of nodules and effect ive nodu la t ion was f r o m 
50.3 to 8 9 . 3 % , 11.6 to 35.1 cms, 24.7 t o 65.7, 22.9 t o 55.2 mg and 18.1 to 
85 .5%, respect ively . These d a t a thus c lear ly reveal t h a t t h e adverse ef fect of 
sal ts and exchangeable s o d i u m was much more severe on nodula t ion , as com-
pared to c rop growth. B a j p a i et al. (1974) also observed t h a t the inh ib i to ry 
level of soluble salts and a lka l in i ty was m u c h lower fo r nodu la t ion t h a n t h a t 
fo r crop g rowth . These g r o w t h i m p r o v e m e n t s could p a r t l y be related t o t h e 
increase in t h e content of soil organic m a t t e r . The organic a m e n d m e n t s would 
also prov ide nu t r i t ion f o r p l an t s and t h e microorganisms, resul t ing in t h e 
fo rma t ion of more n u m e r o u s effective nodules , as also r epor t ed by Sirry e t al. 
(1980). 
I t is in teres t ing t o po in t out here t h a t it was on ly u p to 10.05 mill im-
hos/cm of sa l t s and an exchangeab le sod ium percent of 21.14 (pH 8.66) t h a t 
large p inkish nodules, h a v i n g effective symbio t ic p roper t i es , were observed . 
Above these limits, t h e e f fec t ive nodu l a t i on decreased progressively, and 
most ly smal l greenish nodu les , sca t tered on secondary roots , were observed . 
Survival a n d growth of rh izob ia , even u p t o p H 10, has also been observed b y 
L a k s h m i - K u m a r i et al. (1974) and B h a r d w a j (1975). Sa l in i ty and/or a lka l in i ty 
has been shown to r educe t h e produc t ion of p ink p i g m e n t a n d enhance green-
ing ( K u m a r and Garg 1981, K u m a r a n d Promila 1983). The effect of low 
levels was main ly on t h e reduced deve lopmen t of t h e p igmen t whereas t h a t 
of the h igher levels was b o t h on the deve lopmen t as well as greening, which 
began earl ier and was also enhanced. T h e fac to r s which a f fec t the s t ab i l i ty of 
the p igment are largely u n k n o w n , however , t he process be ing t h a t of ox ida t ion 
( K u m a r a n d Promila 1983). The increased greening m a y be expected wi th 
increasing sal in i ty which leads the p l an t metabol i sm t o a more ox ida t ive side 
(Dey and Ti lak 1984). All t h e i m p r o v e m e n t s in ge rmina t ion , growth and nod-
ulat ion u n d e r the amel io ra t ive effect of var ious organic mater ia ls and inor-
ganic a m e n d m e n t s are r e l a t e d to the e x t e n t of r ec l ama t ion produced. Th i s is 
evident f r o m highly s ign i f i can t values of t h e coefficient of correlations be tween 
soil physica l and chemical propert ies , a n d crop growth a n d nodula t ion p resen ted 
in Table 8. 
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Table 8 
Value of coefficient of correlation (r) for relationship between soil character and germination, growth and nodulation of berseem 
Rela t ionship be tween p H EC 
Organic Exchangeab le Soluble N a + Dispersion S t ruc tu ra l H y d r a u l i c 
conduct iv-
i t y 
о 
ч 
С 
N a + Ca '+ so;-/ci- Ca , + + Mg '+ coefficient I n d e x к > 
Germination —0.89** —0.90** 0.74** —0.91** 0.89** 0.77** 0.91** —0.71** 0.89** 0.93** 
z 
S 
и 
Height —0.91** —0 .86** 0.68** —0.95** 0.94** 0.76** —0.93** —0.59* 0.91** 0.92** 3 
Number of 
nodules —0.92** —0.93** 0.66** —0.94** 0.94** 0.86** —0.95** —0.62* 0.94** 0.96** 
о 
z 
ч 
Dry weight of 
nodules —0.91** —0.93** 0.67** —0.94** 0.93** 0.84** —0.95** —0.61* 0.93** 0.95** 
•ч 
1 
Effect ive nodules —0.93** —0.89** 0.71** —0.96** 0.96** 0.78** —0.95** —0.65** 0.93** 0.95** 1 
Dry matter —0.91** —0.87** 0.70** —0.95** 0.94** 0.76** —0.93** —0.62* 0.92** 0.93** 
e Percent nitrogen 0.96** 0.88** —0.63** 0.95** —0.94** —0.73** 0.93** 0.79** —0.90** —0.91** 
Total nitrogen —0 .88** —0.81** 0.67** —0.92** 0.92** 0.70** —0.89** —0.58* 0.88** 0.90** 1 
Nitrogen f ixed —0.94** —0.96** 0.69** —0.96** 0.96** 0.88** —0.96** —0.67** 0.96** —0.99** 
№ 
L * Signif icant at 5 % 
f ** Significant at 1 % 
$ 
S 
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T h e reduct ion in t h e exchangeab le sodium, leaching of toxic sa l t s and 
i m p r o v e m e n t in soil phys ica l p roper t ies , possibly a f fec ted the ef f ic iency of 
Rhizobium in the soil. I n addi t ion, t h e d i rec t effect of sodium on t h e nu t r i t i on 
of the micro-organisms a n d the p l a n t s was minimized a f t e r the r ec l ama t ion 
(Somani a n d Saxena 1981, 1982). Moreover , water s t ress is known t o affect 
the f o r m a t i o n and longev i ty of l eguminous root nodules , so also n i t rogen f ixa -
t ion ( S p r e n t 1971). T h e decrease of osmotical ly induced wate r s t ress wi th 
r ec l ama t ion , in par t , w a s also responsible for be t t e r nodula t ion , g rowth and 
N- f ixa t ion . A slight desiccat ion, due t o h igh salinity, l eads to a s t rong inhib i t ion 
of r e s p i r a t o r y act ivi ty a n d N-f ixa t ion . N o reversal of these effects is f o u n d and 
the nodu le s are p robab ly shed by t h e p l a n t (Lie 1974). 
T h e percent n i t rogen content i n t h e dry m a t t e r , however , decreased 
with r ec l ama t ion under d i f ferent t r e a t m e n t s as compared to control (Table 7). 
This could be a t t r i bu t ed to the d i lu t ion effect of enhanced p lan t g rowth due 
to lowered salt stress a n d exhangeab le sodium c o n t e n t . S t u n t i n g of p lan t 
growth w i t h increasing osmotic s t ress leads to accumula t ion of n i t rogen (So-
mani 1980). Despite t h e decreased p e r c e n t a g e of N in t h e d ry m a t t e r , wi th 
progress ive rec lamat ion t h e to ta l a m o u n t of N-f ixed improved (Table 7). 
Wilson (1970), Sprent (1972) and K u m a r and Garg (1981) also observed t h a t 
N-f ix ing efficiency of nodules was r e d u c e d by sal inizat ion of 9.0 mmhos /cm 
and a b o v e . The reduced d ry m a t t e r yie ld relates t o t h e reduced leaf area, 
which r e s t r i c t s the p roduc t i on of pho tosyn thes i s . As t h e process of n i t rogen 
f ixa t ion b y t h e nodules also requires t h e supply of pho tosyn thes i s f r o m t h e 
leaves, t h e reduced s u p p l y of pho to syn thes i s may t h u s in pa r t be responsible 
for t h e r educed a m o u n t of ni t rogen f i x e d by the nodules under sal ine-alkali 
condi t ions . The SO% : Cl~ rat io also increased f r o m 0.54 in cont ro l t o as 
high as 4 .90 (Table 6) w i t h progressive rec lamat ion . A highly s igni f icant corre-
la t ion f o r t h e re la t ionship between SO^"" : Cl~ rat io a n d p lan t g rowth , nodula-
t ion a n d N-f ixa t ion (Table 8) indicate t h e antagonis t ic effect of h igher con ten t s 
of Cl~ in t h e growth m e d i u m . K u m a r a n d Promila (1983) also observed SOi~ 
sal ini ty t o be less h a r m f u l t h a n Cl~ sa l in i ty . 
Multiple and stepwise regression analysis studies 
I n s tudies based on simple corre la t ions it is no t possible t o s e p a r a t e t h e 
direct e f fec t of pa r t i cu la r soil p r o p e r t y f r o m the ind i rec t effect caused b y i ts 
own re la t ionsh ip wi th ano the r soil cha rac te r , unless mult iple regression is 
employed . Therefore, mul t ip le regress ion equat ions were worked ou t and are 
p resen ted in Table 9. F r o m these e q u a t i o n s it appears t h a t t h e accumula t ion of 
excessive sal ts suppressed t h e in i t i a t ion of nodules b u t no t their f u r t h e r devel-
o p m e n t . This becomes evident f r o m a comparison be tween the n u m b e r of 
nodules pe r plant and d r y weight of nodu les per p l a n t . In fac t , t h e decreased 
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Table 9 
Multiple regression equations for predicting germination, growth and nodulation of 
berseem from properties of saline-alkali soil 
I n d e p e n d e n t var iab les 
D e p e n d e n t v a r i a b l e s C o n s t a n t 
В O r g a n i c 
q x 3 ) 
R 
pH(Xr) EC(XJ) 
Germination 
He ight 
Number of nodules 
D r y weight of nodules 
Ef fec t ive nodules 
D r y matter 
Percent nitrogen 
Total nitrogen 
Nitrogen f ixed 
240.83 
223.85 
251.24 
197.03 
576.31 
53.81 
0.02 
187.23 
1286.14 
0.39*** —0.01 — 0 . 2 5 0.96*** 
—20.96** 0.82 26.63* 0.84*** 
—112.47** —18.27** 168.07* 0.95*** 
—18.66* —1.42 45.04* 0.89*** 
—24.01** 0.22 28.74 0.86*** 
—20.53 —3.46* 22.79 0.91*** 
—15.75 —2.77 22.33 0.90*** 
—61.95*** 0.236 83.42* 0.92*** 
—5.73* 0.02 7.92* 0.88*** 
* Significant at 5% 
** Significant at 1% 
*** Significant at 0.1% 
• 
n u m b e r of nodu les per p lant w i t h increasing sa l in i ty was responsible for t h e 
low weight of d r y nodules per p l a n t , showing t h e r e b y t h a t t h e d ry weight p e r 
nodule was no t a f fec ted by sa l in i ty . B a l a s u b r a m a n i a n and Sinha (1976) also 
repor ted higher d r y weight pe r nodule of t h e sa l t stressed p l a n t s . While h i g h 
exchangeable s o d i u m as re f lec ted through soil p H increased t h e percent of 
n i t rogen in t h e d r y ma t t e r , it h a d a de t r imen ta l effect on germinat ion , h e i g h t , 
effect ive nodu la t ion , dry m a t t e r product ion , t o t a l ni t rogen recovered t h r o u g h 
d r y ma t t e r a n d ni t rogen f i x e d through nodu le s . Ev iden t l y , an increase in 
n i t rogen pe rcen tage in dry m a t t e r with inc reas ing p H was d u e to poor p l a n t 
g rowth . Organic m a t t e r made a significant con t r ibu t ion t o w a r d s ge rmina t ion , 
ef fect ive nodu la t i on , dry m a t t e r product ion a n d ni t rogen f ixa t ion . I n a d -
di t ion to i ts role in improv ing soil physical proper t ies , o rgan ic materials en -
sured a sus ta ined supply of mic ronu t r i en t s essen t ia l for symbiosis . 
Sophis t ica ted var iable selective regression models w h i c h make it pos -
sible to r ank a n d es t imate t h e significance of t h e con t r ibu t ion of var ious soil 
charac te rs t h a t a f fec t ge rmina t ion growth a n d nodula t ion of berseem are n o w 
available. D r a p e r and Smith (1966) and Chol i tku l and Tyne r (1971) considered 
s tepwise regression to be t h e be s t of the v a r i a b l e selection regression. T h e 
stepwise regression analysis as presented in T a b l e 10 clearly revea ls t h a t e lec t r i -
cal conduc t iv i ty largely a f fec ted germinat ion , n u m b e r of nodu le s per p lan t , d r y 
weight of nodules per p lan t a n d nitrogen f i x e d symbiot ica l ly ; whereas ex -
changeable sod ium mainly gove rned the he igh t of the p l a n t , effect ive n o d u l a -
t ion , dry m a t t e r p e r pot , p e r c e n t of n i t rogen con ten t in t h e d ry ma t t e r a n d 
to ta l ni trogen recovered t h r o u g h dry m a t t e r . A l though organ ic mat te r c o n t r i -
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Table 1 0 
Stepwise regression analysis of germination, growth, nodulation of berseem with 
properties of saline-alkali soil 
D e p e n d e n t I n d e p e n d e n t 
Germination EC 
Organic 
p H 
С 
0 .89797 
0 .92451 
0 .94359 
0.80635 
0.85471 
0.89037 
0.80635 
0.04836 
0.03566 
54.13 
35.29 
29.78 
Height p H 
Organic 
E C 
С 
0 .90642 
0 .92988 
0 .93006 
0.62160 
0.86467 
0.86501 
0.82160 
0.04307 
0.00034 
59.86 
38.33 
23.49 
Number of nodules per 
plant 
E C 
P H 
Organic С 
0 .93780 
0 .94999 
0 .95454 
0.87947 
0.90248 
0.91114 
0.87947 
0.02302 
0.00866 
94.85 
55.52 
37.59 
Dry weight of nodules per 
plant 
E C 
p H 
Organic 
С 
0 .93171 
0 .94241 
0 .94916 
0.86809 
0.88814 
0.90090 
0.86809 
0.02005 
0.01276 
85.55 
47.64 
33.33 
Effect ive nodules p H 
Organic 
EC 
• 
С 
0 .93243 
0 .97061 
0 .96064 
0.86942 
0.92277 
0.92283 
0.86942 
0.05335 
0.00005 
86.55 
71.69 
43.85 
Dry matter per pot p H 
Organic 
EC 
С 
0 .90927 
0 .93869 
0 .93872 
0.82678 
0.88114 
0.88114 
0.82678 
0.05437 
0.00004 
62.05 
44.48 
27.19 
Percent n i t rogen p H 
Organic 
EC 
С 
0 .96580 
0 .97356 
0 .97564 
0.93278 
0.94782 
0.95187 
0.93278 
0.01500 
0.00406 
180.35 
108.93 
72.52 
Total nitrogen p H 
Organic 
EC 
С 
0 .88362 
0 .91227 
0 .91705 
0.78078 
0.83223 
0.84098 
0.78078 
0.05145 
0.00875 
46.30 
29.76 
19.39 
Nitrogen f i x e d EC 
p H 
Organic С 
0 . 9 5 9 3 3 
0 . 9 7 1 0 4 
0 . 9 7 9 3 0 
0.92031 
0.94291 
0.95903 
0.92031 
0.02261 
0.01612 
150.12 
99.10 
85.83 
*** All significant at 0 .1% 
bu ted s ign i f ican t ly to germina t ion , acco rd ing to the g r o w t h and n o d u l a t i o n of 
berseem as revealed in s tepwise regression analysis, t h e con t r ibu t ion c a m e at 
a second or t h i r d stage. 
I t is in teres t ing t o po in t out t h a t t h e salts did n o t s igni f icant ly affect 
ge rmina t ion a n d dry weight of nodules p e r p l an t as revea led th rough mul t ip le 
regression equa t ions . I t r a n k e d f i rs t in t h e stepwise regression ana lys i s . This 
could be a t t r i b u t e d to t w o factors ; f i r s t , in multiple regression e q u a t i o n s a 
cons iderably large con t r ibu t ion is a c c o u n t e d for causes beyond t h e ones also 
under s t u d y , and secondly, in the s t epwise regression analysis t h e indi rec t 
effect of a n y factor to i t s re la t ionship w i t h another f a c t o r is not s e p a r a t e d . 
However , t h e da ta in Tab le 10 clearly r e v e a l t h a t the p H , EC and o rgan ic mat -
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t e r content of saline-alkali soils had a s ignif icant bearing on b o t h germinat ion 
growth and nodula t ion of berseem. 
In sum a n d substance, i t can be concluded that b o t h organic and inor -
ganic amendmen t s brought m a r k e d improvements in sal t ba lance of t h e soil 
which in t u rn h a d s t imula tory effects upon t h e growth a n d nodulat ion of ber -
seem. A combinat ion of organic and inorganic amendment s provided b e t t e r 
results , while su lphur -f- dha incha yielded t h e best results. 
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I N F L U E N C E OF SALT STRESS O N P H O T O S Y N T H E S I S 
IN HORSEGRAM (DOLICHOS BIFLORUS L.) 
AND CHICKPEA (CICER ARIETINUM L.) 
A . S . N I G W E K A R * , C . Y . M U R U M K A R * * a n d P . D . C H A V A N * * * 
• B O T A N Y D E P A R T M E N T , B H O G A W A T I C O L L E G E , K U R U K A L I , I N D I A 
** B O T A N Y D E P A R T M E N T , T U L J A R A M C H A T U R C H A N D C O L L E G E , B A R A M A T I , I N D I A 
*** B O T A N Y D E P A R T M E N T , S H I V A J I U N I V E R S I T Y , K O L H A P U R , I N D I A 
(Rece ived: 3 September , 1990; accepted: 18 October, 1990) 
Horsegram and chickpea are the l eguminous crops which possess typical C3 
features. A n a t t e m p t was m a d e to determine w h e t h e r salt stress causes any shifts i n 
the basic C3 na ture of these crops. Sodium chloride salinity caused v e r y minor altera-
tions in the v a l u e s of carbon i s o t o p e ratios in l eaves of both these l egumes . The analys is 
of early p h o t o s y n t h e t i c products revealed that largest proportion of 14C was incorporated 
in the C3 metabo l i t e s in the salt-stressed plants . Sal ini ty also c a u s e d st imulation of 
act iv i ty of a k e y photorespiratory enzyme g lyco la te oxidase. These observat ions 
indicate that t h e salinity does n o t cause any C3-C4 sh i f t in either horsegram or chickpea. 
Keywords: Dolichos biflorus L., horsegram, Cicer arietinum, chickpea, photo -
synthesis, sa l in i ty 
Introduct ion 
I n recent y e a r s considerable a t ten t ion h a s been paid to t h e mechanism 
of C 4 pho tosyn the t i c p a t h w a y d u e to the f a c t t h a t C4 p l a n t s have severa l 
ecological adap t ive fea tures ( J e n k i s and H a t c h 1982). There a re few repor t s 
which indicate t h a t p lan ts a d a p t t o conditions of soil sal ini ty (Physiological 
d rough t ) by a l t e r ing their mode of pho tosyn thes i s . Thus b o t h C3-C4 and C3-
CAM shif ts have been repor ted in some p l a n t species (Win te r and Wil ler t 
1972, Shomer- I lan a n d Waisel 1973, Ferron e t al . 1978). I n t h e present in-
ves t iga t ion an a t t e m p t has been m a d e to s tudy t h e influence of sodium chloride 
sa l in i ty on the m o d e of photosynthes i s in t w o legume species of horsegram 
a n d chickpea. 
Mater ia ls and methods 
For salt to lerance studies, a sand culture technique was used. T e n heal thy seeds of 
local and chafa cult ivars of horsegram a n d chickpea respec t ive ly were s o w n in polyethylene 
culture containers (42 c m diameter w i t h a hole at the b o t t o m ) containing ac id free silica sand 
of about 100 mesh, in t h e month of October . Hoagland nutr ient solution (1/2 strength) w a s 
added to these plants a n d this nutrient dose was repeated every 6th d a y throughout crop 
duration. After one m o n t h of es tabl i shment , the p l a n t s were subjected to treatment o f 
sod ium chloride. О (control) , and 50 mM levels of NaCl were selected. The sa l t treatment w a s 
g iven along with culture medium three t i m e s weekly, a l ternat ing with equal a m o u n t s of water t o 
avo id evaporation and excess salt accumulat ion . The fresh leaf material f r o m identical posi-
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t ions of three-month-old p lants was selected for t h e photosynthet ic studies. The short term 
(10 sec) photosynthe t i c 14C product analysis s t u d i e s were performed according to t h e method 
standardized in ouf laboratory (Bhivare, N i m b a l k a r and Chavan 1988). The carbon isotope 
ratios f rom t h e oven-dried leaf material of b o t h t h e plants was est imated by fo l l owing the 
method of S m i t h and Epste in (1971) . The a c t i v i t y o f a key photorespiratory e n z y m e glycolate 
oxidase was e s t imated according to the method of Hess and Tolbert (1967). 
Results and discussion 
The ef fec t of NaCl salinity on 13C values and t h e distr ibution of radio-
act ivi ty in e thanol soluble fraction following 10 sec l ight 14C02 assimilat ion 
in the leaves of horsegram and chickpea is depicted in Table 1. T h e ra t io of 
Table 1 
Effect of NaCl salinity on 613C values (0/00) and the distribution of radioactivity (% of total radio-
activity counted on chromatogram) in ethanol soluble fraction following 10 sec light ltC02 assimilation 
in the leaves of Horsegram and Chickpea 
H o r s e g r a m Chiokpea 
в " С v a l u e NaCf t r e a t m e n t ( m M ) 
(0/00) C o n t r o l 50 mM C o n t r o l 50 mM 
— 2 6 . 4 4 —26.59 — 2 9 . 0 0 —28.20 
Compound 
P E P 0.47 0.69 6 .77 5.32 
PGA Trace 0.93 3 .19 6.38 
S D P Trace 7.53 — 
SMP 3 .56 1.39 2.71 '[rare 
Unident i f ied sugar 
phosphate 4 .03 1.51 
— — 
Phosphorylated 
compounds 8.06 12.05 12.67 11.70 
Aspartate 10.12 14.37 2 .44 2.02 
Glycine-serine 3 .62 1.04 1.06 13.28 
Glutamate 15.86 23.87 5 .45 5.65 
Alanine 19.33 20.97 53.15 38.41 
Methionine 3 .81 2.32 
— — 
A m i n o acids 52 .74 62.57 62 .10 59.36 
Glycerate 2 .23 2.20 4 .22 5.65 
Glycolate 0.85 1.04 — — 
Malate 6 .14 3.24 4 .37 7.70 
Succinate 1.41 0.81 3.25 5.06 
Citrate 1.22 Trace 4 .45 10.43 
Organic acids 11.85 7.29 16.29 28.84 
Sucrose 21 .14 13.34 8.94 Trace 
Glucose 0 .97 1.51 Trace Trace 
Fructose 5 .14 3.24 Trace Trace 
Sugars 27.25 18.09 8.94 Trace 
Values are mean of three determinations. 
Acta Agronomica Hungarica 40, 1991 
I N F L U E N C E OF S A L T STRESS ON P H O T O S Y N T H E S I S I N H O R S E G R A M AND C H I C K P E A 3 3 5 
C12 t o C1 3 in organic carbon is one of the recent ly discovered charac ter i s t ics 
d is t inguishing C3 a n d C 4 species. T h i s isotope composi t ion is convent ional ly 
expressed as 13C, t h e difference in pe r mil of t h e 13C/12C ratio of t h e sample 
re la t ive t o a s t a n d a r d 13C value r a n g e s f rom — 10.0 to — 18.0 0/00 for C4 
species compared to — 24.00 to — 30.00 0/00 for C3 species. I t is clear f rom 
t h e d a t a t h a t leaves of bo th the p l a n t s exhibit 13C va lues in the r a n g e typical 
for m o s t of C3 species. There is on ly a slight change in 13C values u n d e r saline 
condi t ions which ind ica tes t ha t t h e r e is very l i t t le change in t h e ba s i c nature 
of t h e ca rboxy la t ion process in b o t h these legumes. Few a t t e m p t s h a v e been 
m a d e to s tudy t h e relat ionship b e t w e e n sal ini ty and carbon i so tope frac-
t i o n a t i o n ra t io (Neales et al. 1983, D o w n t o n et al. 1985, Seemann a n d Critchley 
1985). These workers have suggested t h a t sa l in i ty induces t h e s h i f t in 13C 
values , no t by a f f ec t ing a change in t h e mode of carboxyla t ion , b u t by af-
fec t ing t h e degree of l imi ta t ion of C 0 2 assimilat ion b y the d i f fu s ion process. 
Accord ing to them, such a shift r e su l t s f rom s t o m a t a l closure. T h e s e workers 
h a v e also a t t r i b u t e d th is shift t o reduced Ci ( in te rna l C0 2 concent ra t ion) 
due t o diffusional l imi ta t ions w i th increasing salt stress. 
I t is also clear f r o m the t ab l e t h a t , during a period of 10 seconds, 14C 
has en te red in phosphory la ted compounds , amino acids, and o rgan i c acids, 
as well as sugars in t h e leaves of con t ro l p lants of b o t h the species. T h e results 
ob t a ined in the p r e sen t inves t iga t ion clearly i nd ica t e the o p e r a t i o n of C3 
p a t h w a y in both t h e p lants , because C3 c o m p o u n d s (alanine, P E P , PGA, 
glycine serine and glycerate) receive more r ad ioac t iv i ty t han t h e C 4 com-
p o u n d s (mala te and aspar ta te ) . T h e percentages of rad ioac t iv i ty in C3 and 
C4 c o m p o u n d s u n d e r control and sa l ine condit ions in horsegram a n d chickpea 
are 25 .65 ,25 .83 ,68 .39 , 69.04 and 16.26, 17.61, 6.81 a n d 9.72, respec t ive ly . I t 
a p p e a r s t h a t a lanine receives m a x i m u m rad ioac t iv i ty in bo th of t h e plant 
species. Alanine is f o u n d to be one of t h e ma jo r recipients of l abe l in initial 
phase of carbon assimilat ion ( H u b e r e t al. 1973, K e n n e d y and L a e t s c h 1974 
and R a g h a v e n d r a a n d Das 1977). T h e fo rmat ion of a lanine in C3 p l a n t s takes 
place m u c h more qu ick ly and ear ly , as compared t o t h a t in C4 ones , because 
a lan ine is much nea r e r to PGA, t h a n to OAA in C 4 plants . T h u s t h e occur-
rence of heavy label l ing in alanine in horsegram a n d chickpea can b e jus t i f ied 
t h r o u g h i ts synthes is f rom 3 P G A . Besides a lan ine , another C 3 compound 
which has received considerable labe l is glycerate. T h e format ion of glycerate 
t h r o u g h dephosphory la t ion reac t ion f r o m PGA is well es tabl ished in many 
p l an t s (Belan 1976a, b) . The pho to re sp i r a to ry in te rmed ia tes such a s glycolate 
and glycine-serine also get labelled du r ing the ea r ly phase of pho tosyn thes i s 
in C3 species due to p redominance of pho toresp i ra t ion , which occu r s simul-
t aneous ly wi th photosynthes i s (Tolber t 1971, E d w a r d s and Walker 1983). The 
C4 acids , namely a s p a r t a t e and m a l a t e , also a c c o u n t for about 1 6 . 2 6 % and 
6 . 8 1 % of t h e to ta l l abe l during s h o r t t e r m pho tosyn thes i s in h o r s e g r a m and 
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ch ickpea , respect ive ly . The label in citric acid, succinic acid a n d glutamic 
acid clearly suggests t h a t photosynthe t ica l ly f i x e d 14C may be immedia te ly 
metabol ized in TCA cycle (Ferron e t al. 1978). 
The incorpora t ion of 14C in sucrose du r ing shor t t e rm pho tosyn thes i s 
in b o t h the cont ro l p l a n t s suggests t h a t the o p e r a t i o n of the Calvin-cycle is 
qu i t e a rapid process . I t can be seen from t h e t a b l e t ha t due t o salt stress 
t h e r e are several c h a n g e s in the p a t t e r n of 14C f i x a t i o n . The label l ing in sugars 
is lowered due to sa l t stress and t h i s might be d u e e i ther to t h e slowing down 
of t h e Calvin-cycle, or the diversion of carbon t o o t h e r products . This is sup-
p o r t e d by the inc rease in labell ing of both P G A a n d P E P u n d e r saline con-
d i t ions in horsegram a n d only of P G A in ch ickpea . Among TCA cycle in ter-
med ia t e s , the incorpora t ion of r ad ioac t iv i ty in C 3 compounds is slightly in-
creased over t h a t of control due t o salt stress. 
A number of a t t e m p t s h a v e been made t o discover a bas ic change in 
t h e carboxyla t ion p a t t e r n induced b y salinity. Shomer - I l an and Waise l (1973) 
h a v e detected P G A in sal t -depleted and a s p a r t a t e in sa l t - t rea ted Aleuropus 
l i toral is . Ferron e t al . (1978) inves t iga ted the e f f e c t of salinity on t h e carbo-
x y l a t i o n p a t h w a y s in ha lphyte (Plantago maritima, var . g raminacea) and in 
a g lycophyte (Plantago lanceolata L.). They ana lysed the pho to syn the t i c 
p r o d u c t s during 1 m i n period of photosynthes i s w i t h respect t o C 4 compounds 
( m a l a t e -f- a s p a r t a t e ) , pho to re sp i r a to ry C3 c o m p o u n d s (glycine serine) and 
re sp i ra to ry c o m p o u n d s (Glu tamate ) . They also measu red the r a t i o of label in 
C3 compounds ( P G A , glycerate, P E P , glycine-serine and alanine) t o label in 
С 4 compounds ( m a l a t e -T a spa r t a t e ) . They o b s e r v e d tha t u n d e r saline con-
d i t ions the p h o t o s y n t h e t i c carbon metabol ism in a glycophyte ( P . lanceolata) 
showed strong ca tabo l i c d i s tu rbances while in ha lophyt ic P . maritima a 
d i s t inc t shift f r o m C3 t o C4 p a t h w a y was not iced. I n the present invest igat ion, 
a l t hough the salt s t ress causes changes in t h e p a t t e r n of label l ing of short 
t e r m pho tosyn the t i c products , t h e al terat ions do no t indicate a n y shift in 
t h e labelling f r o m C3 compounds t o C 4 compounds . Some of t he se a l tera t ions 
in t h e allocation of label to va r ious in te rmedia tes m a y be r ega rded as " c a t a -
bolic d i s tu rbances" , as reported b y Ferron et a l . (1978). The 13C values also 
s u p p o r t this obse rva t ion . 
The ac t iv i ty of enzyme g lycola te oxidase w h i c h catalyzes t h e oxidat ion 
of glycolate to g lyoxy l a t e during pho to re sp i r a to ry process is r ega rded by m a n y 
workers as an i n d i c a t o r of pho toresp i ra to ry r a t e (Zelitch 1979). Our observa-
t i ons revealed t h a t NaCl salinity caused a s t i m u l a t i o n of ac t i v i t y of this en-
z y m e in both t h e leguminous p l a n t s . In horsegram the increase (over control) 
in enzyme ac t iv i ty in the leaves of sa l t - t rea ted p l a n t s was 1 7 5 % , while i t 
w a s 2 5 % in ch i ckpea . Since pho toresp i ra t ion is a component of C3 photo-
synthes is , these observa t ions also support t h e v iew tha t sa l in i ty does n o t 
cause any C3-C4 s h i f t in either horsegram or ch i ckpea . 
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An exper iment was conducted to s tudy t h e pattern of dry matter product ion 
and growth of three rape cul t ivars under four populat ion densities. Total dry mat ter 
and leaf area i n d e x (LAI) increased s ignif icantly w i t h the increasing populat ion dens i ty 
and the h ighest values for all t h e cultivars were recorded under the highest populat ion 
density. Tota l dry matter increased as plant age advanced, but L A I attained its peak 
value at certain days after sowing , and thereafter declined. A m o n g the growth at-
tributes, crop growth rate (CGR) at both pre- and post-f lowering stages, net assimilation 
rate ( N A R ) a n d leaf weight rat io ( L W R ) at pre-f lowering stage and relative growth 
rate ( R G R ) and specific leaf area (SLA) at post-f lowering stage were s ignif icant ly 
affected b y populat ion dens i ty . Signif icant differences among the cult ivars for to ta l 
dry matter and all the growth attr ibutes , except pre-flowering R G R , were also observed. 
Simple correlation coeff icients indicated that seed yie ld had signif icant posit ive correla-
t ion with post- f lowering LAI and N A R at most of the population densit ies . 
Keywords: rape, dry mat ter , leaf area, re lat ive growth rate, net assimilation rate , 
pre-flowering, post-f lowering 
Introduction 
Rape has an impor tan t posi t ion among those crops t h a t yield vegetable 
oil. B u t rape seed production is inadequate compared to i ts demand . Thus , 
the agronomists a n d plant scientists in var ious par t s of the world have been 
t ry ing to improve t he rape seed yield. The causes for low yields in rape are 
m a n y . Of them, proper cul tural practices par t icu lar ly the p lan t popula t ion 
dens i ty or row spacing is most i m p o r t a n t and has a profound effect on p l an t 
morphology by changing crop envi ronments . Much work has been done on 
t he effect of popula t ion density, row spacing or seeding ra te on the yield of 
rape , bu t the physiological analysis of rape in relation to populat ion densi ty 
is a lmost nil. 
Dry m a t t e r accumulat ions and yields v a r y with populat ion densi ty and 
th i s variat ion m a y be associated with the physiological responses such as 
leaf area, R G R , N A R , LAR, SLA, L W R and CGR (Mendham et al. 1981, 
B u t t e r y 1969, Clark and Simpson 1978, Is lam and Paul 1986). 
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The objective of the present invest igat ion was to s tudy the effect of 
four popula t ion densit ies, mediated by four row spacings, on g rowth at-
t r ibu tes of three rape cult ivars. A subsequent paper deals with the effect of 
popula t ion densi ty on seed yield and i ts components . 
Materials and methods 
The experiment was conducted at the experimental f ie ld of the Department of B o t a n y , 
Un ivers i ty of Rajshahi , Bangladesh. The three cult ivars of rape (Brassica campestris L . ) used 
were Sampad, Tori 7 and TS-72. 
The f ie ld was well p loughed and all weeds eradicated. A basal dose of ferti l izers with 
the ratio of urea: muriate of potash: triple super phosphate (2:1:1) was applied in the f ield. 
The exper iment was arranged in a randomized complete block des ign with three replications. 
The four spacings used were 15 cm, 30 cm, 45 cm and 60 cm b e t w e e n the rows. I n each spacing 
there were 14 rows of 8 m length directed north to south. Four experimental rows were al-
located for each cult ivar for sampling and the two borders were considered as non-experimental . 
Seeds of the three cult ivars were sown on 23rd October, 1987. 
Fourteen days after sowing (DAS) , seedl ings were thinned to a plant- to-plant spacing 
of 10 cm, in order to make the plant populat ion dens i ty 66.7 p lants m - 2 (667,000 p lant s h a - 1 ) , 
33.3 p lants m - 2 (333,000 plants h a - 1 ) , 22.2 p lants m - 2 (222,000 plants h a - 1 ) and 16.7 plants 
m - 2 (167,000 plants h a - 1 ) in 15 cm, 30 cm, 45 c m and 60 cm spacings, respectively. 
The exper iment included 8 harvests , the f irs t of which was done at 18 D A S , and the 
subsequent harvests were at 7 days intervals . A t the t ime of harvest , the p lants were cut 
d o w n at the coty ledon node and were separated in to leaves, s t em + other parts and pods, if 
present. All plant parts were separately dried i n an oven at about 80 °C for 24b and then 
weighed. The leaf area w a s measured b y the disc method ( N a n g j u and Wanki 1980). From 
the dry weights of different plant parts and leaf area data, var ious growth at tr ibutes were 
calculated fol lowing the classical technique of growth analysis (Radford 1967). The analysis 
of variance was done according to randomized complete block design, and L S D v a l u e s were 
calculated. Simple correlation coeff ic ients a m o n g the growth attr ibutes and tha t w i t h seed 
yield were calculated. 
Results and discussion 
Tota l dry m a t t e r and LAI were signif icantly affected by popula t ion 
densi ty th roughout the growth stages. To ta l dry m a t t e r and LAI increased 
with the increase of populat ion densi ty and the highest values were recorded 
under the highest popula t ion densi ty (Figs 1 and 2). Tota l dry m a t t e r in-
creased continuously unti l the f ina l sampling date , whereas LAI increased 
up to a certain l imit and its m a x i m u m a t t a inmen t was recorded a t 39 DAS 
in all the spacings in bo th Sampad and TS-72 and a t 32 DAS in all the spacings 
except 30 cm in Tori 7, then declined wi th the advancement of p l a n t age. 
The spacing order was 15 cm, 30 cm, 45 cm, 60 cm for these two characters . 
Throughou t the growing period the lowest populat ion densi ty had t he highest 
number of branches, as well as number of leaves per p lan t , but the lower leaf 
area per unit ground area. Otherwise, increased p lan t densities adversely af-
fected p lan t growth, bu t not the to ta l d ry ma t t e r product ion per un i t area, 
because the quan t i t a t ive reduct ion in p l an t growth was probably compensa ted 
by the increase in p lan t populat ion, as well as leaf area per unit g round area. 
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Fig. 1. Inf luence of population density on total dry matter (TDM) of three rape cultivars at 
successive growth stages 
The increase in plant d e n s i t y caused an increase in L A I , which was responsible 
for m u c h l igh t in te rcep t ion and, as a resu l t , higher t o t a l d ry m a t t e r p roduc -
tion in closely spaced p l a n t s was observed . Similar results t were also r epo r t ed 
by W a t s o n (1947), B u t t e r y (1969) a n d E n y i (1973). T h e higher d r y m a t t e r 
in na r row spacing was also observed b y P a t i l and De (1978) in rape . 
"Sampad" "Tor i 7 " "TS-72" 
Fig. 2. Inf luence of population density on leaf area index (LAI) of three rape cultivars at 
successive growth stages 
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The analys is of var iance indica ted t h a t popula t ion dens i ty had a signif-
i can t effect on CGR at bo th pre- and pos t - f lower ing stages, on R G R and SLA 
only a t the post - f lowering s tage , and on N A R and L W R only a t pre-f lowering 
s tage . 
The C G R increased cons is tent ly wi th increasing p lan t densi t ies a t b o t h 
p re - and pos t - f lower ing s tages (Table 1). A h l a w a t and Saraf (1983) observed 
similar resul ts in pigeon pea . Popu la t ion dens i ty had a s igni f icant effect on 
R G R only a t post- f lowering s tage , where R G R decreased w i th the increasing 
of popula t ion dens i ty (Table 1). This adverse re la t ionship of R G R with p l a n t 
popula t ion m a y probably be due to t h e i n t e r p l a n t compet i t ion . Similar resu l t s 
were also r e p o r t e d by E n y i (1973) in soybean . At the pre-f lowering s tage , 
N A R increased wi th the increase of popu la t ion densi ty (Table 1), p r o b a b l y 
because of t h e higher LAI in t h e higher popu la t ion densit ies. 
Popu la t ion densi ty h a d no s ignif icant ef fect on L A R a t bo th s tages ; 
b u t the decline of LAR in h igher p lan t densi t ies (Table 1) a t t he pre-f lower-
ing stage m a y be due to t h e d i f ferent ia l d i s t r ibu t ion of pho tosyn thes i s be-
t w e e n leaf g r o w t h and other p l a n t organs. A h l a w a t and Saraf (1983) in p igeon 
pea reported s imilar results . H igher SLA values a t bo th s tages were recorded 
u n d e r higher popula t ion densi t ies except in 45 cm spacing a t t h e post- f lower-
ing stage, whereas the highest L W R values a t b o t h stages were recorded u n d e r 
t h e lower popu la t ion densit ies (Table 1). 
The s imple correlation analysis revealed t h a t seed yield was posi t ively 
associated w i th bo th post - f lowering LAI a n d N A R in most of t h e popu la t ion 
densit ies (Table 2). A posi t ive correlat ion of seed yield w i th LAI was also 
repor ted by Clarke and S impson (1978) in B. napus and Cha tu rved i et al . 
(1988) in B. juncea. A s ignif icant posi t ive corre la t ion of seed yield with pos t -
f lowering R G R (only in 45 c m spacing) was suppor ted by Thur l ing (1974). 
T h e seed yield was also cor re la ted posi t ively wi th pos t - f lower ing LAR (in 
30 cm spacing) , with CGR a t bo th s tages in 60 cm spacing, wi th pos t -
f lowering L A R in 30 cm spacing, and w i th pre-f lowering R G R in 45 c m 
spacing. The seed yield showed a s igni f icant negat ive corre la t ion with pre-
f lower ing CGR in 30 cm spacing, wi th pre-f lowering R G R in 45 c m 
spacing, and w i t h both pre- f lower ing CGR a n d L A R in 15 c m spacing. C G R 
a t bo th s tages was posit ively correla ted w i t h pre-f lowering L A I in most of 
t h e spacings, b u t pre-f lowering CGR had s ignif icant nega t ive correla t ion 
w i t h post-Howering LAI (in 30 and 45 c m spacings). A s ignif icant nega-
t i v e associat ion of CGR a t b o t h stages w i th post- f lowering R G R was 
recorded in some of the spacings. CGR at b o t h stages had a s igni f icant posi t ive 
association w i t h pre-f lowering N A R in 15 c m spacing, and h a d a s ignif icant 
nega t ive associa t ion wi th pre- f lower ing L A R in most of t h e spacings. Pos t -
f lowering R G R correlated posi t ively wi th pre-f lower ing L A R (in 15 cm spac-
ing) and nega t ive ly with pre- f lower ing N A R (in 15 and 45 cm spacings). N A R 
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Table 1 
Mean growth attributes of three rape cultivars as influenced by population density 
Pre-flowering Poet-flowering 
Cultivar Sampad Tor i 7 TS-72 Mean Sampad Tor i 7 TS-72 Mean 
Spacing (cm) 
CGR (g m-'day-') 
15 4.29 2.14 1.62 2.68 10.56 6.21 7.50 8.09 
30 2.52 1.26 0.72 1.50 11.96 3.45 8.62 8.01 
45 1.72 0.90 0.62 1.08 9.39 4.21 6.49 6 .70 
60 1.55 0.56 0.76 0.96 9.86 4.22 5.23 6 .44 
Mean 2.52 1.22 0.93 10.44 4.52 6.96 
LSD, = 0.33, LSD 2 = 0.38, L S D , = 0.66 LSD, = 0.65, LSD 2 = 0.77, L S D , = l . : 
RGR (g g-' day-') 
15 0.16 0.18 0.14 0.16 0.05 0.06 0.07 0 .06 
30 0.13 0.18 0.12 0.14 0.07 0.06 0.09 0.07 
45 0.14 0.16 0.14 0.15 0.07 0.11 0.09 0 .09 
60 0.14 0.12 0.18 0.15 0.08 0.08 0.08 0.08 
Mean 0.14 0.16 0.14 0.07 0.08 0.08 
LSD, = N S , L S D 2 = NS, L S D , = 0.03 L S D , = 0.006, L S D 2 = 0.007, L S D , = 0.01 
NAR (g cm~' day-1) X 10~4 
15 7.19 11.60 5.38 8.06 10.02 18.42 14.71 14.38 
30 6.41 10.05 4.33 6.93 16.55 16.67 24.70 19.16 
45 6.71 8.88 5.10 6.90 36.38 12.68 15.20 21 .42 
60 6.74 5.68 7.66 6.69 36.16 13.46 15.38 21.67 
Mean 6.76 9.05 5.62 24.78 15.35 17.50 
LSD, = 0.66, L S D , = 0.76, L S D , = 1.32 L S D , = 6.13, L S D , = NS, LSD; , = 12.: 
LAR (cm' g~ "V 
15 222.24 161.76 256.14 139.30 32.49 100.53 75.79 69.60 
30 181.13 175.02 283.29 213.15 34.18 84.68 82.18 67.01 
45 208.49 183.31 287.10 226.30 38.67 102.76 74.26 71.90 
60 207.95 206.46 236.99 217.13 38.63 103.06 73.26 71 .65 
Mean 204.95 181.64 265.88 35.99 97.76 76.37 
LSD, = 17.38, L S D , = = NS , L S D , = 34.76 L S D , = 3.96, L S D , = NS, L S D , = 7.« 
SLA (cm' g~ 
"V 
15 286.38 273.96 347.30 302.55 269.09 464.76 603.17 445 .67 
30 286.03 279.35 345.07 303.48 191.96 371.44 473.82 345.74 
45 283.35 284.31 332.83 300.16 242.01 341.68 337.80 307.16 
60 277.65 287.36 314.48 293.16 283.18 348.92 310.91 314.17 
Mean 283.35 281.24 334.92 246.54 381.72 431.30 
LSD, = 33.97, L S D , = = NS , L S D , = 67.96 L S D , = 55.98, L S D 2 = 64.65, L S D , = 111.! 
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Table 1 (cont'd) 
Cultivar 
Pre-f lowering Post-f lowering 
S a m p a d Tori 7 TS-72 Mean Sampad Tori 7 TS-72 Mean 
Spacing (cm) 
LWR (g g->) 
15 0.744 0.653 0.741 0.713 0.135 0.137 0.176 0.149 
30 0.627 0.645 0.767 0.680 0.134 0.194 0.183 0 .170 
45 0.717 0.658 0.865 0.747 0.110 0.254 0.189 0.185 
60 0.737 0.744 0.761 0.747 0.093 0.243 0.202 0.180 
Mean 0.706 0.675 0.783 0.118 0.207 0.187 
L S D , = 0.03, L S D 2 = 0.03, L S D 3 = 0.06 L S D , = 0.03, L S D 2 = NS , LSD, , = 0.06 
LSD] for difference between cultivar means, L S D 2 for difference between spacing means 
and LSD3 for difference between spacing means wi th in a cultivar. All L S D values at 5% level 
of significance. N S = Non-significant. 
a t both stages had a s ignif icant positive correlat ion with post-f lowering L A R 
.n 30 cm spacing. The pre-f lowering N A R correlated negat ively with post -
Jowering L A I (in 45 cm spacing) which corroborated the f indings of Thur l ing 
(1974). 
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Table 2 
Simple correlation coefficients between growth attributes and seed yield in four spacings 
Spacing (cm) Spacing (cm) 
15 30 45 60 15 30 45 60 
1 X 2 0.73* 0.41 0.73* 0.25 4 x 6 0.09 - 0 . 4 6 0.96** - 0 . 1 3 
1 x 3 0.96** 0.87** 0.89** 0.90** 4 X 7 - 0 . 0 5 0.65 - 0 . 6 8 * 0.04 
1 X 4 - 0 . 2 3 — 0.91** — 0.98** 0.88** 4 X 8 0.56 0.95** 0.70* 0.12 
1 X 5 0.55 0.30 0.15 0.17 4 x 9 0.18 0.67* 0.54 - 0 . 0 7 
1 x 6 - 0 . 9 7 * * 0.05 — 0.92** - 0 . 1 9 4 X 1 0 - 0 . 5 5 0.84** - 0 . 6 5 0.15 
1 X 7 0.81** - 0 . 5 7 0.63 0.40 4 X 1 1 0.88** 0.97** 0.46 0.82** 
1 X 8 - 0 . 5 9 - 0 . 7 5 * - 0 . 7 0 * 0.09 5 x 6 - 0 . 5 1 0.88** - 0 . 5 1 0.85** 
1 X 9 - 0 . 9 0 * * - 0 . 8 9 * * - 0 . 6 6 - 0 . 4 5 5 X 7 0.13 0.01 0.32 - 0 . 3 4 
l x i o 0.51 - 0 . 8 8 * * 0.57 0.14 5 x 8 - 0 . 2 7 - 0 . 6 3 - 0 . 4 5 - 0 . 1 8 
l x l l - 0 . 6 3 - 0 . 8 9 * * - 0 . 3 7 0.83 5 x 9 - 0 . 3 6 0.14 0.43 0.30 
2 x 3 0.77* 0.79* 0.85** 0.41 5 x 1 0 0.09 - 0 . 1 2 0.08 - 0 . 3 4 
2 X 4 - 0 . 4 4 - 0 . 0 2 - 0 . 6 0 - 0 . 0 6 5 x 1 1 - 0 . 5 5 - 0 . 5 8 - 0 . 9 5 * * 0.41 
2 X 5 0.26 - 0 . 5 5 - 0 . 5 4 - 0 . 7 2 * 6 x 7 — 0.90** - 0 . 1 8 - 0 . 7 4 * - 0 . 2 9 
2 x 6 - 0 . 7 9 * - 0 . 8 5 * * - 0 . 4 1 - 0 . 6 2 6 X 8 0.49 - 0 . 5 2 0.82** - 0 . 5 3 
2 X 7 0.81** - 0 . 0 1 0.19 0.47 6 x 9 0.96** 0.39 0.32 0.33 
2 x 8 - 0 . 6 3 0.22 - 0 . 2 5 0.17 6X10 - 0 . 4 4 - 0 . 1 2 - 0.49 - 0 . 4 6 
2 X 9 - 0 . 9 3 * * - 0 . 7 1 * - 0 . 9 8 * * - 0 . 8 1 * * 6 x 1 1 0.53 - 0 . 4 7 0.69* 0.09 
2X10 0.58 - 0 . 1 7 0.38 0.24 7 X 8 - 0 . 5 2 0.75* - 0 . 9 2 * * - 0 . 1 9 
2 x 1 1 - 0 . 7 8 * - 0 . 0 2 - 0 . 3 7 0.83** 7 X 9 - 0 . 9 7 * * 0.54 - 0 . 1 4 — 0.46 
3 x 4 - 0 . 0 4 - 0 . 5 9 - 0 . 8 7 * * 0.81** 7X10 0.53 0.72* 0.03 0.44 
3 x 5 0.54 - 0 . 1 5 - 0 . 2 2 - 0 . 1 0 7 x 1 1 - 0 . 5 0 0.64 0.60 - 0 . 0 5 
3 x 6 - 0 . 9 7 * * - 0 . 4 4 - 0 . 7 0 * - 0.50 8 x 9 0.53 0.49 0.14 - 0 . 3 5 
3 X 7 0.87** - 0 . 4 1 0.48 0.39 8X10 - 0 . 9 8 * * 0.76* 0.06 0.20 
3 x 8 - 0 . 3 9 - 0 . 3 6 - 0 . 4 2 0.43 8 X 1 1 0.83** 0.95** 0.72* 0.04 
3 x 9 — 0.94** - 0 . 9 7 * * - 0 . 8 5 * * - 0 . 5 4 9 X 1 0 - 0 . 4 9 0.78* - 0 . 4 1 - 0 . 0 6 
3 x i o 0.32 - 0 . 7 2 * 0.69* 0.36 9 X 1 1 0.62 0.65 - 0 . 4 5 - 0 . 2 5 
3 X 1 1 - 0 . 4 8 - 0.57 0.02 0.63 1 0 x 1 1 - 0 . 7 3 * 0.79* - 0 . 0 4 - 0 . 0 8 
4 x 5 - 0 . 4 5 - 0 . 5 9 - 0 . 2 7 0.28 
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, ** indicate significant at 5% and 1% levels, respectively. 
1 = Pre-flowering CGR, 2 = Post-flowering CGR, 3 = Pre-flowreing LAI, 4 = Post-flowering^LAI, 5 = Pre-flowering RGR, 6 Post-
flowering RGR, 7 = Pre-flowering NAR, 8 = Post-flowering NAR, 9 = Pre-flowering LAR, 10 = Post-flowering LAR and 11 = Seed yield. 
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P H Y S I O L O G I C A L A N A L Y S I S O F P O P U L A T I O N 
D E N S I T Y E F F E C T ON R A P E 
(BRASSICA CAMPESTRIS L.) 
I I . Y I E L D A N D Y I E L D C O M P O N E N T S 
K . M . R O Y a n d N . K . P A U L 
D E P A R T M E N T OF BOTANY, U N I V E R S I T Y OF R A J S H A H I , BANGLADESH, I N D I A 
(Rece ived: 24 March, 1990; accepted: 17 May, 1990) 
Seed yie ld and its components of three rape cult ivars grown at four populat ion 
densities were eva luated during the growing season of 1987. Among the p lant characters 
related to f lowering , days taken to f irs t f lowering and days taken to end of f lowering 
were earlier in the higher densities. Plant height and leaf number at f irs t f lowering 
decreased w i t h the increase in populat ion densi ty . A m o n g the yield components , plant 
height at harves t , number of branches per plant, number of pods per p lant , number 
of seeds per pod , total weight per p lant and harvest index decreased w i t h the increase 
in populat ion dens i ty . Seed yield per unit area increased wi th the increase in populat ion 
density and the highest value (2023 k g - h a - 1 ) was recorded under the h ighes t popula-
t ion density. Seed yield was posi t ively correlated w i t h plant height at harves t , number 
of branches per p lant , number of seeds per pod and tota l weight per p lant in most of 
the populat ion densit ies and with total number of pods per plant and 1000-seed weight 
in a few populat ion densities. 
Keywords: population dens i ty , f lowering, pod number, seed y ie ld , correlation 
coeff icient 
Introduction 
In rape and mus ta rd , impor t an t morphological characters l ike number 
of branches per p l an t , number of pods per p lan t and number of seeds per 
pod are greatly inf luenced by popula t ion densi ty . Numbers of pods per p lant 
and seeds per pod were reduced b y higher seeding ra te (Clark a n d Simpson 
1978) b u t increased seeding rates and higher popula t ion density resul ted in 
a higher number of pods per uni t ground area (Degenhardt and K o n d r a 1981, 
Mendham et al. 1981). 
The aim of th i s investigation was to s tudy t he effect of four popula t ion 
densit ies on seed yield and its components of th ree rape cultivars. 
Materials and methods 
Seeds of three rape (Brassica campestris L.) cult ivars (Sampad, Tori 7 and TS-72) 
were sown on 23rd October, 1987 in the exper imental f ie ld of the Department of Botany , 
Univers i ty of Rajshahi , Bangladesh. Detai l s of f ie ld preparation, plot arrangement, plot size 
and management of the trial are given in the preceeding paper ( R o y and Paul 1991). 
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Days taken to f irst flowering, days taken to end of flowering and leaf number and 
plant height at first f lowering date were recorded. At the t ime of final harvest, the following 
characters were measured: plant height (cm), number of primary branches, total number of 
pods per plant, number of seeds per pod, seed-husk weight ratio, total weight per plant (g), 
1000-seed weight (g), harvest index and seed yield per unit area ( k g - h a - 1 ) . 
An analysis of variance was done according to the randomized complete block design, 
and L S D values at 5% level were calculated. Simple correlation coefficients between characters 
were calculated. 
Results and discussion 
All the charac te rs related t o f lowering responded signif icantly to t he 
popula t ion densi ty. T h e flowering was earlier in b o t h 15 and 45 cm spacings. 
T h e end of f lower ing was earlier a n d hence t he dura t ion of f lowering was 
shor ter in the high popula t ion dens i ty t r e a t m e n t (Table 1). The p l a n t height 
and leaf number were decreased wi th the increase in popula t ion densi ty 
(Table 1). The g rea te r in terplant compet i t ion for soil nut r ien ts and incident 
l ight in the high popula t ion densi ty t r e a tme n t was probably responsible for 
progressive reduct ion in p lant size, b ranch and leaf numbers . Due to the 
reduc t ion in b ranch number , bo th t h e end of f lowering and dura t ion of flower-
ing were has tened. T h e higher p l a n t popula t ion apparen t ly resul ted in more 
soil mois ture use in t h e vegetat ive phase , leaving less moisture for ut i l izat ion 
a t t h e flowering a n d seed ripening stages. This migh t be another cause of the 
shortening of du ra t i on of f lowering in higher popula t ion densities. Similar 
f ind ings were r epor t ed by Degenhard t and K o n d r a (1981) and Pa t i l and De 
(1978) in rape, K u m a r and Tr ipa th i (1975) and Shas t ry and K u m a r (1981) 
in ra i . 
Among the yield components , p lant he ight a t harvest , number of 
b ranches per p lan t , t o t a l number of pods per p l an t , number of seeds per pod, 
and to ta l plant weight were s ignif icant ly a f fec ted by popula t ion densi ty. 
Those characters decreased with t h e increase in popula t ion densi ty (Table 2). 
T h e increased i n t e rp l an t competi t ion for soil mois ture , nutr ients and incident 
solar radiat ion t h a t normally a t t e n d e d high popula t ion density was probably 
responsible for the progressive reduc t ion in p lan t size as well as in t he number 
of leaves and branches , characters t h a t have been shown to be essential for 
o p t i m u m reproduct ive development . For this reason the total n u m b e r of pods 
per p lan t decreased w i th the increase in popula t ion density. Singh et al. (1978) 
and Clark and Simpson (1978) repor ted similar resul ts . 
I n contras t t o the higher popula t ion , an improvement in t he above 
yield a t t r ibutes a t lower plant dens i ty could be a t t r i bu ted to t he availabil i ty 
of relatively more space per p l an t which, in t u r n , assisted the individual 
p l an t s to utilize t h e available resources with t h e least compet i t ion. Similar 
observat ions were repor ted by Mudhokar and Ahlawa t (1979) and Singh and 
Singh (1984) in r ape . The 1000-seed weight was unaffected b y popula t ion 
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Table 1 
Plant characters related to flowering of three rape cultivars as affected 
by population density 
Spacing (cm) 
Cultivar Mean 
15 30 45 60 
Days taken to first flowering (DAS) 
Sampad 40.73 40.70 37.33 37.77 39.02 
Tori 7 20.33 21.33 20.80 21.33 20.95 
TS-72 22.27 25.20 24.57 25.10 24.28 
Mean 27.78 29.08 27.57 28.07 
L S D , = 0.34, L S D , = 0.39, LSD 3 = 0.68 
Days taken to end of flowering (DAS) 
Sampad 56.90 54.30 57.47 56.23 56.22 
Tori 7 33.50 34.73 35.70 33.77 34.42 
TS-72 38.77 43.73 43.83 44.27 42.65 
Mean 43.05 44.25 45.67 44.76 
L S D , = 0.75, L S D , = 0.87, LSD 3 = 1.50 
Duration of flowering ( days ) 
Sampad 16.17 13.60 20.13 18.47 17.09 
Tori 7 13.17 13.40 14.90 12.43 13.47 
TS-72 16.50 18.53 19.30 19.17 18.37 
Mean 15.25 15.18 18.11 16.69 
L S D , = 0.34, L S D , = 0.40, LSD3 = 0 .69 
Plant height at first flowering (cm) 
Sampad 29.90 29.60 38.07 41.73 34.83 
Tori 7 13.17 14.53 17.30 19.07 16.02 
TS-72 17.60 19.03 19.43 23.57 19.91 
Mean 20.22 21.05 24.93 28.12 
L S D , = 0.84, L S D , = 0.97, LSD3 = 1.68 
Number of leaves at first flowering 
Sampad 6.40 7.40 8.00 8.77 7.64 
Tori 7 4.90 5.50 5.73 7.00 5.78 
TS-72 4.37 5.47 5.80 6.40 5.51 
Mean 5.22 6.12 6.51 7.39 
LSD, 0.32, L S D , = 0.37, LSD3 = 0 .64 
LSD, for difference be tween cultivar means, L S D , for difference between spacing m e a n s 
and LSD 3 for difference between spacing means w i th in a cultivar. 
densi ty, cor robora t ing t h e work of D e g e n h a r d t and K o n d r a (1981) a n d 
Kondra (1975). 
The per hec tare seed yield was h igher in the h igher populat ion d e n s i t y 
and the h ighes t yield for all t h e cult ivars was recorded in t h e highest p o p u l a -
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Table 2 
Seed yield and its components of three rape cultivars as affected by 
population density 
Spacing (cm) 
Cultiver • Mean 
15 30 45 60 
Plant height at harvest (cm) 
S a m p a d 91 .33 106.00 110.66 114.66 105.66 
Tori 7 46 .00 57.33 62 .66 64.00 57.50 
T S - 7 2 70 .66 84.00 91 .33 104.00 87.50 
M e a n 69 .11 82.44 88.22 94.22 
L S D , = 2.64, L S D j = 3.05, LSD3 = 5 .29 
Number branches per plant 
S a m p a d 6 .50 7.80 9.16 11.66 8.78 
Tori 7 2 .66 2.83 4 .10 5.20 3.70 
T S - 7 2 4 .93 5.30 6.06 6.40 5.67 
Mean 4 .70 5.31 6 .44 7.75 
L S D , = 0.53, L S D , = 0.61, LSD3 = 1 .06 
Number of pods per plant 
S a m p a d 79.00 96.00 138.67 186.33 125.00 
Tori 7 62 .00 99.00 141.67 148.67 112.83 
T S - 7 2 88 .33 150.33 177.33 190.00 151.50 
M e a n 76 .44 115.11 152.56 175.00 
L S D , = 13.15. , L S D 2 = 15.19, LSD 3 = 26.30 
Number of seeds per pod 
S a m p a d 19.97 21.13 21.30 26.73 22.28 
Tori 7 12.96 13.26 14.43 15.56 14.05 
T S - 7 2 15.93 16.16 17.00 21.50 17.65 
Mean 16.29 16.85 17.58 21.26 
L S D , = 1.09, L S D , = 1.26, LSD3 = 2 .19 
Seed-husk weight ratio 
S a m p a d 1.08 1.25 1.35 1.22 1.22 
Tori 7 1.04 1.31 1.33 1.49 1.29 
T S - 7 2 1.36 1.41 1.18 1.55 1.83 
Mean 1.16 1.32 1.29 1.42 
L S D , = NS, LSD., = N S , LSD3 = 0 .38 
Total weight per plant (g) 
S a m p a d 13.73 18.83 24.10 31.60 21.97 
Tori 7 4.90 7.40 11.03 14.03 9.34 
T S - 7 2 8.50 16.50 18.70 21.23 16.23 
Mean 9 .04 14.24 17.94 22.29 
L S D , = 2.26, LSD
 2 = 2.61, LSD3 = 4 .54 
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Spacing (cm) 
Cultivar Mean 
15 30 45 60 
Harvest index (%) 
Sampad 28.57 32.43 33.63 33.47 32.02 
Tori 7 37.60 38.67 41.07 45 .73 40.77 
TS-72 38.67 36.87 38.13 40 .40 38.52 
Mean 34.95 35.99 37.61 39.87 
LSD, = 3.32, L S D 2 = NS, L S D , = 6.64 
1000-seed weight (g) 
Sampad 3.30 3.32 3.59 3.05 3.25 
Tori 7 2.79 2 .53 2.65 3 .20 2.79 
TS-72 2.96 2.67 2.79 3.05 2.87 
Mean 3.02 2.81 3.01 3.10 
L S D , = 0.33, L S D 2 = NS, L S D , = 0.66 
Seed yield per hectare (kg) 
Sampad 2624 2020 1754 1765 2041 
Tori 7 1267 955 999 1086 1077 
TS-72 2179 2020 1576 1434 1801 
Mean 2023 1665 1443 1427 
L S D , = 260, L S D 2 = 301, L S D , = 521 
L S D j for difference be tween cultivar means , LSD 2 for difference between spac ing means 
and L S D , for difference be tween spacing means within a cultivar. All LSD values a t 5 % level 
of significance. NS = Non-signif icant. 
t ion dens i ty (Table 2). I n the lower popula t ion dens i ty , per h e c t a r e seed 
yield was considerably reduced p r imar i ly because of t h e decrease in plant 
s t and per un i t a rea , which failed to compensa te f o r t h e increased n u m b e r 
of p l a n t s per un i t a rea a t higher popu la t i on dens i t y . Similar r e s u l t s were 
repor ted b y Singh et al. (1963) and Maini et al. (1964) in rape. 
Simple correla t ion coefficients ind ica ted t h a t seed yield had a s igni f icant 
posi t ive correla t ion w i t h p l a n t height a t harves t , n u m b e r of p r imary b ranches 
and t o t a l weight pe r p l a n t in all t h e spacings (Table 3). The seed y i e l d was 
also associated posi t ively wi th to ta l n u m b e r of pods p e r p lan t in 30 a n d 60 cm 
spacings, wi th n u m b e r of seeds per p o d in all b u t 45 cm spacing, a n d with 
1000-seed weight in 15 cm spacing. A similar pos i t ive correlation w a s also 
recorded by Clark and Simpson (1978) and Thur l ing (1974) in B. napus, 
Pau l e t al. (1976) in m u s t a r d and J o a r d e r et al. (1978) in rape. A s ign i f ican t 
nega t ive correlat ion of seed yield wi th harves t i n d e x was observed only in 
45 cm spacing. The t o t a l n u m b e r of p o d s per p lan t w a s positively cor re la ted 
with p l a n t height (in 60 cm spacing). T h e n u m b e r of seeds per p o d had a 
s igni f icant posi t ive correla t ion wi th t h e number of p r i m a r y b r a n c h e s in all 
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Table 3 
Simple correlation coefficients beticeen seed yield and its components in four spacings 
Spacing (cm) Spacing (cm) 
15 30 45 60 15 30 45 60 
1 x 2 0.94"* 0.97** 0.91 ** 0.77* 3 x 7 0.09 0.08 0.26 - 0 . 5 4 
1 X 3 0.58 0 . 0 1 0.03 0.88** 3 x 8 0.52 0.29 0.10 0.43 
1 X 4 0.92** 0.88** 0.85** 0.86** 3 x 9 0.68* 0.40 0.31 0.69* 
1X5 0.09 0.16 0.09 0.28 4 x 5 0 . 0 1 - 0 . 0 3 0.04 - 0 . 2 8 
1 X 6 0.54 0.55 0.71* 0.49 4 x 6 0.54 0.29 0.69* - 0 . 4 2 
1X7 0.55 - 0 . 6 6 - 0 . 6 4 - 0 . 7 8 * 4 x 7 - 0 . 5 8 0.49 - 0 . 7 1 * - 0 . 6 9 * 
1X8 0.83** 0.93** 0.84** 0.89** 4 x 8 0.89** 0.78* 0.73* 0.91** 
1 x 9 0.73* 0.88** 0.90** 0.84** 4 x 9 0.76* 0.73* 0.63 0.89** 
2 x 3 0.58 0.02 0.13 0.47 5 x 6 0.33 - 0 . 1 9 0.28 — 0 . 0 1 
2 x 4 0.97** 0.89** 0.87** 0.83** 5 x 7 0.76* 0.63 0.46 - 0 . 4 5 
2 X 5 0.06 0 . 1 1 0.19 - 0 . 3 2 5 x 8 0.12 0 . 1 1 0.36 - 0 . 3 9 
2 X 6 0.56 0.51 0.82** - 0.31 5 x 9 0.45 0.09 - 0.12 - 0.06 
2 X 7 0.55 0.45 0.86** 0.87** 6 x 7 - 0.16 - 0 . 5 6 - 0.74* 0.19 
2 x 8 0.81** 0.89** 0.94** 0.96** 6 x 8 0.81** 0.52 0.71* 0.37 
2 x 9 0.71* 0.82** 0.87** 0.77* 6 x 9 0.84** 0.39 - 0.47 0.54 
3 x 4 0.51 0.16 0.41 0.69* 7 x 8 - 0 . 4 7 0.56 0.88** 0.82** 
3 x 5 0.56 0.34 0.19 0.09 7 X 9 - 0 . 1 3 - 0 . 4 2 - 0 . 6 8 * 0.55 
3 X 6 0.41 - 0 . 1 1 0.37 - 0 . 4 3 8 X 9 0.93** 0.96** 0.93** 0.95** 
*, ** indicate significant at 5% and 1% levels, respectively. 
1 = Plant height at harvest, 2 = Number of primary branches, 3 = Total number of pods per plant, 4 = Number of seeds per pod, 
5 = Seed-husk weight ratio, 6 = 1000-seed weight, 7 = Harvest index, 8 = Total weight per plant and 9 = Seed yield. 
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the spacings, with 1000-seed weight in 45 spacing and to ta l weight pe r p lant 
in all t he spacings. The 1000-seed weight was posit ively correlated w i t h the 
number of seeds per pod in 45 cm spacing and wi th t o t a l weight p e r p lant 
in 15 and 45 cm spacings. A significant positive correlat ion with t he n u m b e r 
of seeds per pod and n u m b e r of p r i m a r y branches in all the spacings was 
suppor ted b y Clark and Simpson (1978) in B. napus and by Ahmed (1980) 
in rape. 
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I N V E S T I G A T I O N S ON T H E P O P U L A T I O N D E N S I T Y 
OF MELOIDOGYNE HAPLA CHITWOOD ON 
GRAPEVINE (VIT IS VI NI FERA AND VIT IS 
VINIFERA X SEYVE-VILLARD) HYBRIDS 
K H A L I F A H . D A B A J , G . J E N S E R and J . L E H O C Z K Y 
P L A N T PROTECTION INSTITUTE, H U N G A R I A N ACADEMY OF SCIENCES, BUDAPEST, H U N G A R Y 
(Received: 5 February, 1990; accepted: 13 Apri l , 1990) 
Considerable differences were establ ished in the susceptibi l i ty and resistance to 
Meloidogyne hapla in t h e case of 34 hybr ids of Vitis vinifera and Vilis vinifera X Seyve-
Villard. The invest igated vineyard is o n sandy soil in t h e Danube-Tisza Mid-region, in 
Hungary . The highest populat ion d e n s i t y was 1005 J 2 / 250 g of soil of t h e rhizosphere 
of cv. P inot noir, w i t h high galls and egg-masses indices. T h e lowest popu la t ion density 
was found in the rizosphere of the hybr id KM-151, 20 J 2 / 2 5 0 g of soil, w i t h no galls or 
egg-masses. Susceptible hybrids, the m o s t susceptible (e .g . Pinot noir, Chardonnay, 
Kecskemét 7) and least susceptible hybr ids (e.g. Favor i t , Bikavér 17, K e c s k e m é t 13) 
and one resistant hybrid (KM-151) are all hybrids of Vitis vinifera. There are differences 
in susceptibil i ty a m o n g the interspecif ic hybrids, too. T h e susceptibil ity a n d tolerance 
of Vitis vinifera hybrids to M. hapla were studied for t h e first time on t h i s occasion. 
Keywords: N e m a t o d e , Meloidogyne hapla, variety of vine, Vitis vinifera, resis-
tance , tolerance 
Introduction 
Some species of t h e genus Meloidogyne are known as pests on grapevines. 
These species could cause weakness, such as vines t h a t do not grow enough to 
permi t t ra in ing onto a trellis, or are unsuccessful for replant ing of vineyards 
(Faulkner and McElroy 1964, Goodey e t al. 1965, Esser et al. 1968, K a t a l a n -
Gateva and Choleva-Abdzhieva 1977, Raski 1988, Scot to La Massése et al. 
1988). Since the chemical control agains t Meloidogyne species ha s some dif-
f icult ies and drawbacks, the s tudy of t h e susceptibil i ty or resis tance of dif-
fe rent varieties has great significance. Former au thors have studied t h e resis-
tance of roots tock varieties (Rouquet a n d Dalmasso 1976, Dalmasso a n d Cuani 
1976, Rouque t et al 1982, Stirling and Cirami 1984, S a n t o and H a c k n e y 1986). 
We had t he oppor tun i ty to survey t h e populat ion dens i ty of M. hapla on the 
root and in the rizosphere of 34 hybr ids , primarily of Vitis vinifera, as well as 
some interspecific hybr ids of Vitis vinifera X Seyve-Villard 12375 a n d 18315. 
I t is i m p o r t a n t to ment ion t h a t on t h e sandy soil of t h e Danube-T i sza Mid-Re-
gion t h e grapevine has been cul t ivated on ungraf ted propagat ive mate r ia l s for 
a long t ime, over an area of about 100,000 acres. 
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Materials and methods 
Soil and root samples were collected from the rizosphere of 34 hybrids of grapevine on 
s a n d y soil in the Danube-Tisza Mid-Region in the vineyard of Experimental Station Miklós-
te lep of Research Ins t i tu te for Vit iculture and Enology (Kecskemét) be tween June and 
October in three successive years, 1986, 1987 and 1988. T e n soil samples were taken from each 
row. The vineyard w a s planted with cutt ings . The plants were placed in 3.5 X 1.2 ms. 
Two hundred and f i f ty grams of soil from each soil sample were processed by the sieve-
decant ing technique for extracting second stage juveniles (J2). Four replicates of 1 ml from 
standard nematode suspension (20 ml) were counted and t h e average was multiplied by 20 ml 
for estimation the tota l number of J2 /250 g of soil. 
Root samples were investigated for the presence of galls and egg-masses according to 
t h e Taylor and Sasser (1978) scale. Egg/egg-mass rates were calculated by dissolving one egg-
mass in an aqueous solution of sodium hypochlorite (commercial bleach) according to the 
H u s s e y and Barker (1973) technique. A n average of 4 replicates was taken from each sample. 
Results and discussion 
Most of t he grapevine h y b r i d s in Exper imenta l Station Miklóstelep were 
v e r y highly suscept ible to N o r t h e r n root-knot Nematode , M . hapla; gall and 
egg-mass indices were 4-5, 5 -5 , w i t h very high popula t ion dens i ty of the sec-
o n d stage juveniles (J2) up to 1005 J2/250 g of soil, wi th a very high reproduc-
t i o n r a t e of eggs, 1353 eggs/egg-mass. 
One variety, KM-151, was apparent ly r e s i s t a n t : nei ther galls nor egg-
inasses were found on the roots, w i t h a very low populat ion dens i ty 20 J2 /250 
g of soil. Two h y b r i d s , Boglárka a n d Kecskemet 13, were s l ight ly susceptible: 
1—2 galls and egg-masses, with low reproduction r a t e of eggs 270-330 eggs/egg-
mass . 
The highest populat ion d e n s i t y , 1005, 770, 734, 680, J 2 /250 g of soil and 
h i g h reproduction r a t e of eggs 989, 693, 650, 1353 eggs/egg-mass appeared on 
h y b r i d s planted in rows Nos 31, 32, 20 and 34 respectively. This high popula-
t i o n density may b e t h e main r ea son for dead p l a n t s in rows Nos 28, 31 and 34. 
T h e varieties p l a n t e d in rows Nos 32 and 20 exh ib i ted good g rowth condition, 
a n d m a y tolerate t he se levels of infes ta t ion. In t h e meant ime, for the var ie ty 
in r o w No. 28, on ly two weak p l a n t s were still alive with a low populat ion 
dens i t y 15 J2/250 g soil tha t h a d a medium reproduct ion r a t e of eggs 315 
eggs/egg-mass and galls and egg-mass index 3—2 (Table 1). 
Our findings of J 2 density a re higher than t h e f indings of K a t a l a n - G a t e v y 
a n d Choleva-Abdzihieva (1976) 22—240 J 2 in 200 g of soil in Bulgar ian vine-
y a r d s . 
Root s y m p t o m s appear as small to m e d i u m swellings or galls on t h e 
t i p s of feeder roots as well as on smal l roots, each swelling or gall containing 
7—10 second stage juveniles (J2), a n d more t h a n one female was f o u n d in galled 
roo t s . White egg-masses with f e m a l e s and somet imes males, were concentrated 
on small and larger roots , w i th /wi thou t gall f o rma t ion . 
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Table 1 
Juveniles, eggs/egg-mass number as well as gall and egg-mass indices on grapevine 
( Vitis vinifera and Vitis vinifera X Seyve- Villard) hybrids 
(Kecskemét-Miklóstelep, Hungary, 1986—1988) 
R o w * 
NOB Grapevine cultivarB 
N o . of 
Jg/250 g 
of «OÜ+ + 
No. of 
eggs/egg-mass + + + GI/EI ++++ 
31 Pinot noir 1005 989 5—5 
32 Chardonnay 770 693 5—5 
20 Kecskemét 7 734 650 5—5 
34 Musc. Hambourg 680 1353 3—5 
22 Kármin 480 325 5—5 
26 Jubileum 75 480 425 5—5 
15 Göcseji zamatos 420 256 3—3 
12 Zefir 415 500 3—5 
4 Zweigelt 405 330 5—5 
27 Cs 6 405 946 3—5 
14 Lakhegyi mézes 320 700 5—5 
16 Médea 275 400 4—5 
10 Pintes 275 359 3—5 
21 Bianca 260 650 2—4 
17 Cegléd szépe K—73 215 450 4—5 
2 Chasselas b. Fr. 38— -95 180 650 5—5 
33 Boglárka 165 270 1—2 
6 Bikavér 17 165 400 3—3 
8 Bikavér 12 135 700 3—2 
24 Karát 135 373 3—3 
23 Kurucvér 110 650 5—5 
29 Kecskemét 13 95 330 1—2 
37 Red Veltliner 85 470 2—2 
9 Király leányka 21 80 400 4—3 
38 Chasselas doré 70 733 3—2 
3 Pölöskei muskotály 70 500 3—5 
5 TF. Oporto 65 430 3—3 
19 Favorit 60 600 2—2 
1 Chasselas r. Fr. 36— -28 60 406 5—5 
7 Bikavér 17 45 280 2—2 
13 Zenit 40 950 5—5 
11 Zengő 25 810 4—5 
18 KM 151 20 0.0 0—0 
28 Furmint T/92 15 315 3—2 
± LSD at 5% ± 4 . 6 2 ± 2 1 2 . 8 
+
 Row number indicates the number of the row of each variety: In rows Nos 25, 30, 35, 36 
the plants died, so were not included in the survey. In rows Nos 28, 31, 34 one or t w o plants 
remained alive. 
+ +
 Average of three replicates. 
+ + +
 Average of four egg-masses counts. 
+ +
 + + GI = Gall index; EI = eggmass index: no galls or egg-masses = 0; 1—-2 galls or 
egg-masses = 1; 3—10 = 2; 11—30 = 3; 31—100 = 4; more than 100 = 5 (Taylor and Sasser, 
1978). 
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Susceptible and resistant , as well as t h e mos t susceptible (e.g. Pinot noir , 
Chardonnay, Kecskemét 7) a n d least susceptible hybrids (e.g. Favor i t , B ikavér 
17, Kecskemét 13) could be f o u n d among t h e Vitis vinifera hybr ids and t h e r e 
w a s a great d i f ference in suscept ibi l i ty among the interspecific hybrids ( Vitis 
vinifera X Seyve- Villard). 
The resul ts of this survey supplies su i tab le data for t h e dissimilar suscep-
t ibi l i t ies or to lerances of h y b r i d s of Vitis vinifera and of t h e interspecific 
hyb r id s Vitis vinifera X Seyve-Villard to M. hapla. Consequently, these d r a w 
a t t en t ion to t h e importance of t h e study of t h e susceptible as well as t h e re-
s i s t a n t hybrids of grapevine. 
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The paper presents the results of a single inoculat ion of Prunus davidiana and 
16 peach cultivars, and a thrice-repeated inoculation of 8 cultivars with Cytospora cincta. 
The susceptibil ity of the cultivars is determined by the length of the necrotic spot 
developed in response to the infection. The data are evaluated by analysis of variance, 
the significant difference between the cultivars is establ ished by the help of a LSD 5% 
value . The high environment dependence of resistance to Cytospora cincta has been 
confirmed. According to the results of the experiment Prunus davidiana showed in 
each case the lowest suspectibility, s ignif icantly differing from a number of cultivars. 
Among the peach cultivars 'Sunshine' excelled in resistance. 
Keywords: resistance, Cytospora, Prunus 
Introduction 
The sudden destruct ion of apr icot and peach trees is r igh t ly called 
apoplexy, since the previously blossoming trees o f t en promising a good yield 
die almost overnight . According to t h e major i ty of authors, the destruct ion 
is caused by Cytospora cincta as the p r i m a r y pa thogen (De Fago, 1935; Masten 
1958; Tasnády and Lehoczky, 1966; Wensley, 1966). The disease occurs in 
Europe , in the Uni ted States and in Canada alike. 
The most eff ic ient means of controlling the pa thogen would be the use 
of cul t ivars resis tant to Cytospora cincta. To be able to produce such cultivars 
we had to determine wha t response t h e cultivars t h a t were used in our breed-
ing work would give to the inoculat ion, and where the source of resistance 
can be sought. 
These are the questions we t r ied to answer b y a series of experiments , 
t he results of which are given in th is paper . 
Materials and methods 
In the course of test ing for susceptibi l i ty to Cytospora cincta in the Winter of 1988-89, 
the following peach cultivars and hybrids were inoculated: 1000/1 (Nectared-4 x Halehaven), 
1000/4 (Nectared-4 X Roya l de Cardwell), Suncrest, Sunshine, Szocsnij, 45/68 (seedling of 
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unknown origin), Nectared-4, Prunus davidiana. Besides those listed above, we examined in 
the Winter of 1987-88 Sz-V-2 (a seedling of unknown origin), 97/68/1 (Ford X Mayflower), 
97/68/3 (Ford X Mayflower, II/2 (P. davidiana seedling f rom free pollination), 1000/2 (Nec-
tared-4 X Halehaven), 1000/3 (Nectared-4 seedling from self-pollination), Sunhigh and Nec-
tared-8. These peach cultivars were included in our crossing programme because of various 
favourable qualities. 
The shoots used for the inoculation were collected on 20th December, 1987, 12th 
December 1988, 20th January and 20th February 1989, and were taken from a nine-year-old 
variety collection maintained with traditional cultivation technology. From each cultivar 50 
shoots, about 30 cm in length and 0 .4 -0 .8 cm in diameter were used. A sample contained 
shoots from more than one trees of the same cultivar. 
The inoculation w a s performed w i t h Cytospora cincta culture isolated from diseased 
trees and maintained on potato dextrose ( P D A ) medium (Rozsnyai , 1977). 
On the shoots a circular wound of 5 mm diameter was made, and an agar disc of the 
same size, infected with Cytospora cincta was placed on i t . The infected wound was covered 
with wet cotton-wool and aluminium foil, which were removed after 14 days. From the infec-
tion to the evaluation the shoots were kept in perlite, in a growth chamber at 15 °C for a month. 
In the course of evaluating, we removed the bark f rom the environment of the site of 
infection, and measured the length of the necrotic spot formed in the phloem. The data were 
analysed with variance analysis. In case w e found on the basis of the variance analysis that 
the mean values obtained did not come from the same lot, we compared the cultivars in pairs, 
and on the basis of the significant difference calculated, placed them in groups of different 
susceptibility. 
Results 
T h e variance analysis of t h e length of necrot ic lesions fo rmed in the 
phloem during the experiment , in response to t h e inoculation, indicated a 
s ignif icant difference in susceptibil i ty among the peach cultivars. The F value 
calculated from t h e means ob ta ined in the fou r points of t ime was higher 
t h a n t h e value in Tables 1 and 2 given at the P = 5 % level of probabil i ty . 
So we compared t h e cultivars in pa i r s , and on t h e basis of the L S D 5% value 
calculated determined which peach cultivars showed significant differences 
at t he given date of measuring. T h e result is shown in Tables 3 and 4. 
Owing to the large number of da ta and t h e small differences between 
the cul t ivars in t he 1987 exper iment , i t would b e unreasonable to compare 
t h e m in every possible pairing. Therefore , in Table 4 we give only t h e significant 
differences between Prunus davidiana and the peach cultivars. 
Results and discussion 
The wide sca t t e r of the basic da ta (Tables 1 and 2) conf i rms t he opinion 
published in the l i t e ra ture ; namely , t h a t the Cytospora cincta m a y give in-
consistent results even with a h ighly circumspect measuring. T h e wide scat ter 
and t he change in t h e cult ivars ' susceptibil i ty in t h e course of r epea ted inocula-
t ions are due to t h e complex n a t u r e of resistance to Cytospora cincta. Many 
factors are known t o show close correlat ion wi th t h e response of peach trees 
to infect ion by Cytospora cincta. A m o n g them, for example, the y e a r (Dhavan-
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Table 1 
Susceptibility of various peach cultivars and Prunus davidiana to infection by Cytospora cincta 
(Average length of necrosis [mm]; measuring data of 1988-89) 
Serial 1 ' measuring 2. measuring 3. measuring 
average (x) scatter n average (x) scatter n average (x) scatter 
1. 1000/4 37.00 16.70 7.21 50.00 55.14 20.30 
2. 1000/1 38.00 46.50 23.30 20.00 26.05 11.48 53.00 56.04 24.38 
3. Suncrest 40.00 46.60 35.15 21.00 20.24 5.25 56.00 31.61 7.93 
4. Sunshine 50.00 15.48 11.60 41.00 16.34 7.41 48.00 23.69 8.38 
5. Szocsnij 50.00 19.82 14.23 37.00 25.73 11.27 52.00 28.63 11.36 
6. 47/68 49.00 28.57 16.11 52.00 23.12 9.90 53.00 26.87 8.81 
7. Nectared-4 49.00 55.20 25.08 — __ — 50.00 29.44 9.41 
8. P. davidiana 49.00 12.71 0.94 38.00 12.84 7.82 28.00 14.50 5.14 
F value calculated: 34.3 
F value in table: 2.1 
F value calculated: 11.2 
F value in table: 2.1 
F value calculated: 51.6 
F value in table: 2.0 
3 6 2 A . P E D R Y C and Z.. R O Z S N Y A I 
t a r i and Dirks, 1983), the v i ta l i ty of the t r ee (Wensley, 1966), the f ros t 
tolerance of t he cultivar (Rohrbach and Luepschen, 1968) and its callus 
formation abil i ty (Plamiter and Hickey, 1970) may have grea t influences on 
Table 2 
Susceptibility of various peach cultivars and of Prunus 
davidiana to infection by Cytospora cincta 
(Average length of necrosis [mm]; measuring data of 1987) 
Serial 
number Cultivar n Average (x) Scatter 
l . 45/68 24.00 26.50 11.46 
2. Sz-V-2 24.00 29.17 8.62 
3. Sunshine 24.00 46.42 20.08 
4. 97/68/3 23.00 36.74 14.22 
5. 97/68/1 31.00 32.74 11.60 
6. II/2 21.00 35.05 12.81 
7. P .davidiana 18.00 23.61 4.91 
8. 1000/4 24.00 52.54 22.32 
9. Szocsnij 22.00 28.45 14.35 
10. 1000/3 20.00 35.20 18.39 
11. 1000/2 22.00 41.77 16.07 
12 Nectared-4 24.00 41.75 15.75 
13. Sunhigh 22.00 40.05 19.29 
14. 1000/1 24.00 53.58 15.86 
15. Suncrest 24.00 25.58 7.76 
16. Nectared-8 25.00 49.72 22.68 
Calculated F value: 8.9 
Table value: 1.7 
the results of inoculation. Our samples came f r o m more than one trees within 
each cultivar, and the thickness of the shoots m a y not have been completely 
equal either, so the scatter of t h e data is understandable. 
Despite w h a t is described above, the repeated measuring and the statis-
t ical analysis m a y provide a basis for the reliable classification of the peach 
cultivars. The peach cultivars tes ted by us are reasonably placed in the follow-
ing two groups: cultivars of t he lowest susceptibility equal to t h a t of Prunus 
davidiana, and those significantly more susceptible than Prunus davidiana. 
Figures 1—4 show the average length of the necrotic spots having appeared 
in the peach cult ivars examined. The horizontal line indicates the length 
above which the cultivars are significantly more susceptible t h a n the Prunus 
davidiana. The peach cultivars showing values below the line have low sus-
ceptibility equal to that of Prunus davidiana. 
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Table 3 
Comparison of various peach cultivars and Prunus davidiana for susceptibility to Cytospora cincta, 
significance analysis 
(on the basis of measuring data of 1988-1989) 
Serial 1' measuring 2. measuring 3. measuring 
number Cultivar  
x -x LSD 5% x-x LSD 5 % x-x L S D 5% 
1. 1000/4-1000/1 — — + 9.35 6.11 0.90 7.35 
2. 1000/4-Suncrest — — 3.54 5.92 23.53 7.16 
3. 1000/4-Sunshine — — 0.36 4.08 + 31.45 7.72 
4. 1000/4-Szocsnij 
— — + 9.03 4.29 + 26.51 7.42 
5. 1000/4-45/68 — — + 6.41 3.67 + 28.27 7.35 
6. 1000/4-Nectared-4 — — — — + 25.70 7.57 
7. 1000/4-P. davidiana — — . 3.86 4.23 + 40.64 10.54 
8. 1000/ 1-Suncrest 0.10 20.57 5.81 7.75 + 24.43 6.95 
9. 1000/1-Sunshine + 31.00 18.56 + 9.71 5.90 + 32.35 7.51 
10. 1000/1-Szocsnij + 26.68 18.56 0.32 6.11 + 27.40 7.21 
11. 1000/1-45-68 17.93 18.73 2.93 5.49 + 29.17 7.14 
12. 1000/1 -Nectared-4 8.70 18.73 — — + 26.60 7.35 
13. 1000/1-P. davidiana + 33.79 18.73 + 13.21 6.06 +41 .54 10.32 
14. Suncrest-Sunshine + 31.12 18.04 3.90 5.71 + 7.92 7.32 
15. Suncrest-Szocsnij + 26.78 18.04 5.49 5.92 2.97 7.01 
16. Suncrest-45/68 18.03 18.20 2.88 5.30 4.74 6.95 
17. Suncrest- Nectared-4 8.60 18.20 — — 2.17 7.16 
18. Suncrest-P. davidiana + 33.89 18.20 + 7.40 5.87 + 17.11 10.13 
19. Sunshine-Szocsnij 4.34 16.03 + 9.39 4.08 4.95 7.58 
20. Sunshine-45/68 13.09 16.20 + 6.77 3.46 3.18 7.51 
21. Sunshine-Nectared-4 + 39.72 16.20 — — 5.75 7.72 
22. Sunshine-P. davidiana 2.77 16.20 3.50 4.02 9.19 10.70 
23. Szocsnij-45/68 8.75 16.20 2.61 3.67 1.77 7.21 
24. Szocsnij-Nectared-4 : 35.38 16.20 — — 0.81 7.42 
25. Szocsnij-P. davidiana 7.11 16.20 + 12.89 4.23 + 14.13 10.39 
26. 45/68-Nectared-4 + 26.63 16.36 — — 2.57 7.35 
27. 45/68-P. davidiana 15.86 16.36 + 10.27 3.61 12.37 10.32 
28. Nectared-4-P. davidiana + 42.49 16.36 — — + 14.94 10.54 
The difference is significant at + P = 5% 
The results of the experiments conducted in 1987 indicated tha t 13 of 
the 16 cult ivars examined showed no difference in susceptibility to the infec-
tion (Fig. 4). Apart f rom Prunus davidiana only the cultivar 'Sunshine ' 
could on each occasion be placed in the low susceptibility category. The 
hybrids 1000/1 and 1000/4 can be ranked wi th the most susceptible cul t ivars . 
The above results suppor t the opinion tha t the peach cultivars have 
bu t a low resistance to Cytospora cincta, and their susceptibility largely depends 
on environmental factors (Luepschen, 1981). Examinat ions of various Prunus 
species have pointed out t h a t they are more or less suspectible, only P. gracea 
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Table 4 
Comparison of Prunus davidiana and various peach cultivars for 
susceptibility to Cytospora cincta, significance analysis 
(on the basis of measuring data of 1987) 
number Cultivara x-x L S D 5% 
1. Prunus davidiana - 45/68 2.90 23.72 
2. Prunus davidiana - Sz-V-2 5.56 23.72 
3. Prunus davidiana — Sunshine 22.81 23.72 
4. Prunus davidiana - 97/68/3 13.13 24.16 
5. Prunus davidiana - 97/68/1 9.13 21.42 
6. Prunus davidiana - II/2 11.44 25.17 
7. Prunus davidiana - 1000/4 + 28.90 23.72 
8. Prunus davidiana — Szocsnij 4.84 24.64 
9. Prunus davidiana - 1000/3 11.59 25.75 
10. Prunus davidiana - 1000/2 18.16 24.64 
11. Prunus davidiana Nectared-4. 18.14 23.72 
12. Prunus davidiana — Sunhigh 16.43 24.64 
13. Prunus davidiana - 1000/1 + 30.00 23.72 
14. Prunus davidiana — Suncrest 1.97 23.72 
15. Prunus davidiana — Nectared-8 + 26.10 23.31 
The difference is significant at + P = 5% 
and P. sieboldii proved res is tant (D.Rozsnyai et al., 1972; Kern , 1955). On the 
basis of our da t a Prunus davidiana cannot be regarded as totally res is tant , 
though in comparison with t he peach cul t ivars it is undoubtedly practical ly 
resistant. 
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Fig. 1. Susceptibil ity of various peach cultivars and of Prunus davidiana to infection by 
Cytospora cincta (Average length of necrosis (mm) 1988-1989. 1st measuring) 
(Order of cultivars as in Table 1) 
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2. Susceptibility of various peach cult ivars and of Prunus davidiana to infection by 
Cytospora cincta (Average length of necrosis (mm) 1988-1989. 2nd measuring) 
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3. Susceptibility of various peach cult ivars and of Prunus davidiana to infection by 
Cytospora cincta (Average length of necrosis (mm) 1988-1989. 3rd measuring) 
(Order of cultvars as in Table 1) 
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4. Susceptibility of various peach cult ivars and of Prunus davidiana to infect ion by 
Cytospora cincta (Average length of necrosis (mm). Measuring in 1987) 
(Order of cultivars as in Table 2) 
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The increased resistance of cultivar 'Sunshine ' might be explained by 
i ts origin from t h e bud muta t ion of the cul t ivar 'Redhaven' and according 
to same authors 'Redhaven ' can be placed a m o n g the resis tant cultivars 
(Luepschen et al. 1975; Luepschen 1981). 
Recause of t h e earlier ment ioned complexity of the Cytospora cincta 
resistance, the e x t e n t of susceptibility established by inoculation does not 
necessarily correspond to the f ac t s experienced in a given planta t ion, where 
t h e trees are exposed to various environmental effects which influence the 
resistance. Nevertheless, the me thod is by all means suitable for picking out 
t h e extreme types . 
Out of the peach varieties examined by us increased a t t en t ion must be 
paid to P. davidiana and the cul t ivar 'Sunshine' in peach breeding programmes 
which include breeding for resistance to Cytospora cincta. 
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P L A N T G R O W T H , METABOLISM A N D A D A P T A T I O N 
IN R E L A T I O N TO S T R E S S C O N D I T I O N S . 
X I . M O D I F I C A T I O N O F OSMOTIC S T R E S S - I N D U C E D 
M E T A B O L I C E F F E C T S BY GA 3 OR IAA 
I N PISUM SATIVUM L. P L A N T S 
M . E . Y O U N I S , * 0 . A . E L - S H A H A B Y , S . A . A B O - H A M E D a n d S . A . H A R O U N 
D E P A R T M E N T OF BOTANY, FACULTY OF SCIENCE, UNIVERSITY OF M A N S 0 U R A , MANSOURA, EGYPT 
(Rece ived: 28 March, 1990; accepted: 27 J u n e , 1990) 
The antagonist ic effects of either GA3 or IAA on sa l in i ty induced stress on various 
metabolic activit ies in Pisum sativum plants at different stages of deve lopment were 
invest igated. 
Seed presoaking in GA3 or I A A appeared to nul l i fy either partially or completely 
the effects induced b y the different levels of salinity o n protein-N, to ta l soluble-N 
and proline contents in shoots and roots at all stages of p lant development. 
GA3 and I A A appeared also to null i fy the accumulat ion of Na ions , A B A and 
at the same time increased the citric and oxalic acid contents . 
It is suggested that GA:i or I A A m a y provide some salt tolerance at the meta-
bolic level by its capac i ty to restore the synthesis of var ious metabolites and to inhibit 
the synthesis of o thers . 
Keywords: Pisum sativum, sal inity , GA3, IAA, nitrogen, proline, acids, N a + , ABA 
Introduction 
The response of crop plants t o salinity stress is generally ref lec ted in 
decreased growth and product iv i ty . This inhibited g rowth has previously been 
ascribed to the metabol ic disorders associated wi th t h e profound hormonal 
changes in the p lants subjected to sal ini ty stress (see I t a i and Y a a d i a , 1971; 
Hsiao, 1973; Aharoni a n d Richmond, 1978; Davenpor t e t al., 1980; W a n g et al., 
1984; Younis et al., 1987 a and b; Abo-Hamed et al., 1990; E l -Shahaby et al., 
1990). 
The most i m p o r t a n t aspect of this research is the possibil i ty tha t 
hormonal regulation is involved in t he control of wa te r potent ial and membrane 
permeabi l i ty in p l an t s and thus in control of w a t e r deficit. Consequently, 
certain tr ials have been made to improve salt to le rance using CCC, GA 3 and 
IAA (Gabr et al., 1977; Salama et al. , 1981; Heikal e t al., 1982; B a n y a i and 
Rai, 1983; Yidhu and Mur ty , 1985; Younis et al., 1989). 
* Present address and to whom correspondence should be addressed: Depar tment of 
Botany , Facul ty of Science, University of Qatar, P.O. Box 2713, Doha — Qatar. 
Abbreviations: GA 3 , gibberellic acid; I A A , indoleacetic acid; ABA, abscisic acid; CCC, 
(2-chloroethyl)-trimethyl ammonium chloride. 
Acta Agronomica Hungarica 40, 1991 
Akadémiai Kiadó, Budapest 
3 6 8 M . E . Y O U N I S et a l . 
Although promising results were obtained, much more experimentat ion 
is needed in a t t empt ing to a d a p t plants to grow under stress conditions. 
I n this investigation one species of economical importance, Pisum sativum, 
was chosen in an a t tempt to improve its salt tolerance by t r ea tmen t with 
GA3 or IAA. The approach applied was to investigate the changes in nitrogen 
metabolites, due to the role played in part by proline and other soluble nitrogen 
fract ions in p lants under stress conditions. Fur thermore , changes in the con-
t en t s of organic acids, Na + and ABA were determined to substant ia te the 
view tha t retent ion of the hormonal balance in plant tissue is considered to 
be an assurance of normal plant growth. 
Materials and methods 
Pisum sativum L. (cv. Little Marvel) seeds were surface sterilized and divided into 
3 groups that were t h e n soaked in disti l led water, GA3 (100 mg/l) or IAA (25 mg/l); soaking 
being carried out for one hour at room temperature (20 °C) and in the dark. As in Younis 
et al. (1989), these concentrations of hormoned were the most effective in eliminating the 
harmful effects of sal inity on the developing plants. Afterwards, the seeds were germinated 
in water for 7 days and then transferred to culture solutions as described by El-Shahaby et al. 
(1990). 
Each group of seedling was divided into 3 sub-groups and treated wi th different levels 
of salinity at (A) the vegetative stage (14-day-old), (B) the flowering stage (26-day-old) and 
(C) the fruiting stage (36-day-old). At each stage, Pisum sativum plants were transferred to 
the experimental nutrient solution w i t h different levels of NaCl (—0.3, —0.6, —0.9 and 
— 1.2 MPa). 
The plants were allowed to grow indoors in the laboratory and sampling was carried 
out 4 days after each treatment. 
Analytical methods 
The total soluble- and protein-N were determined b y the conventional micro-kjeldahl 
method as described b y El-Shahaby et al. (1990): The content of proline was determined by 
the method adopted b y Bates et al. (1973). 
The methods adopted for determination of citric and oxalic acids were essentially those 
described by Hasaneen et al. (1987). 
Abscisic acid was extracted from the shoots and separated as in Shindy and Smith 
(1975), and bioassayed as recommended by Wright (1969) using the straight growth test of 
Triticum coleoptile segments. 
N a + was determined in the oven dried samples that were digested in H N 0 3 and made 
up to volume. Flame emission spectrophotometry was used to measure N a + concentration as 
in Abo-Hamed et al. (1990). 
Triplicate samples were always taken for analyses and the data were statistically 
analysed using the least significant difference (LSD.) at the 1% and 5% probability levels. 
Results 
1. Changes in nitrogen content: (Fig. 1) 
(a) Total soluble-N. At the vegetat ive, flowering and frui t ing stages, the 
presoaking of seeds in GA3 or I A A induced increases in the t o t a l soluble-N 
content of shoots and roots of t h e plants t rea ted with salinity solutions of 
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Fig. 1. Effect of seed presoaking in GA3 or IAA on nitrogen content of Pisum sativum plants, 
stressed with salinity at different stages of plant development. In this and the following 
figures treatments were as follows: 
1-Non-salinized 
2-NaCl-0.3 MPa 
3-NaCl-0.6 MPa 
4-NaCl-0.9 MPa 
5-NaCl-1.2 MPa 
6-GA3-pretreated 
7-GA3 + NaCl (—О.ЗМРа) 
8-GA3 + NaCl ( - 0 . 6 MPa) 
9-GA3 + NaCl ( - 0 . 9 MPa) 
10-GA3 + NaCl ( — 1.2 MPa) 
11-IAA-pretreated 
12-IAA + NaCl ( - 0 . 3 MPa) 
13-IAA + NaCl ( - 0 . 6 MPa) 
14-IAA + NaCl ( - 0 . 9 MPa) 
15-IAA + NaCl ( - 1 . 2 MPa) 
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— 0.3 and —0.6 MPa, as compared with plants f rom hormone-untreated seeds. 
On the other hand, a t —0.9 and —1.2 MPa salinity, GA3 or IAA pret rea tment 
nullified the reduction in total soluble-N that was observed in plants treated 
wi th salinity alone. I t was also apparent that GA3 was more effective than 
IAA in counteracting the effects of salinity part icularly in shoots. 
(b) Protein-N. As apparent f rom Fig. 1, increases in the protein-N content 
in t he shoots of the saline-treated plants, were observed at the vegetative 
and flowering stages in response to presoaking seeds in GA3. In contrast, 
a reduction in protein-N content in shoots was elicited, in the different saline-
t rea ted plants, a f ter seed presoaking in IAA. 
At the frui t ing stage, the shoots of the variously saline-treated plants 
f rom GA3 or IAA pretreated seeds showed highly significant increments in 
protein-N contents above those values in plants from hormone-untreated 
seeds, except in the plants t reated with salinity a t —0.9 and —1.2 MPa which 
respectively showed either a non-significant increase or a highly significant 
decrease in protein-N as a result of presoaking seeds in IAA. 
In roots, the protein-N content showed increments in the plants treated, 
a t the vegetative stage, with salinity at —0.3 MPa under the effect of seed 
presoaking in GA3 or IAA. Moreover, as compared with non-salinized values, 
t he observed decreases in protein-N content in the saline-treated plants were 
ei ther reduced or totally nullified in response to presoaking the seeds in 
GA 3 or IAA. 
At the flowering and frui t ing stages, pre t rea tment of seeds with GA3 
or IAA induced increases in the protein-N contents in the roots of the plants 
t rea ted with NaCl a t —0.3 and —0.6 MPa above those values in hormone-
unt rea ted plants. This pre t rea tment , however, induced either to ta l elimina-
t ion (with GA3) or a reduction (with IAA) of the observed reduction in the 
protein-N contents induced by —0.9 and —1.2 MPa salinity. 
In this context it should be mentioned tha t , at all stages of plant growth 
and development, the pat tern of changes in to ta l -N in shoots and roots of 
t he hormone-treated plants was comparable to t h a t of protein-N which con-
s t i tu ted a predominant fraction in the nitrogen pool of pea plants. 
(c) Changes in proline content. The presoaking of seeds in GA3 or IAA induced 
increases in the proline content of pea shoots and roots, compared with the 
amounts of proline in the saline-treated plants, in which highly significant 
increases were observed at all stages of plant development. The magnitude 
of response was more pronounced with IAA than with GA3. Fur thermore, 
the above mentioned response was more obvious with the lower than with 
the higher levels of salinity. 
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2. Changes in organic acids content: (Fig. 2) 
(a) Oxalic acid. The presoaking of seeds in GA3 or IAA induced increases in 
oxalic acid content in bo th shoots and roots of plants t rea ted with —0.3 MPa 
saline solutions at the vegetat ive stage. With —0.6 MPa salinity t r ea tmen t , 
the induced reduction in oxalic acid content was completely absent in response 
to seed presoaking in GA3 or IAA. Also the observed reductions in oxalic 
acid content , in response to salinity t r ea tmen t at —0.9 and —1.2 MPa, were 
reduced by seed pre t rea tment with GA3 or IAA. 
The presoaking of seeds in GA3 or IAA induced increases in oxalic acid 
content in both shoots and roots of p lan ts treated at t h e flowering stage with 
salinity of —0.3 and —0.6 MPa. In comparison wi th hormone-untreated 
plants, t he presoaking of seeds in the solutions of growth regulators reduced 
the observed reduction in the acid content in shoots and roots of t he plants 
treated with salinity of —0.9 and 1.2 MPa. 
At the fruiting stage, further increases were elicited in oxalic acid in 
both shoots and roots of the saline-treated plants (at —0.3 MPa) a f t e r the 
presoaking the seeds in GA 3 or IAA. In contrast , this pre t reatment appeared 
to induce slight changes in oxalic acid content from those values detected in 
shoots and roots of plants t reated with salinity of —0.6, —0.9 and —1.2 MPa. 
(b) Citric acid. The effect of seed presoaking in GA3 or IAA on citric acid 
content in pea shoots and roots of the plants treated with different salinity 
solutions at any stage of development was, in general, similar to tha t obtained 
for oxalic acid content. 
3. Changes in sodium content: (Fig. 3) 
In relation to the non-salinized control values, t he accumulation of Na + 
in both shoots and roots in response to the different salinity t reatments , was 
reduced when the seeds were presoaked in GA3 or IAA; the magni tude of 
reduction was more pronounced with GA3 than with IAA at all stages of plant 
development. 
4. Changes in abscisic acid content : (Fig. 4) 
During each stage of plant development, a greater reduction in ABA 
content of shoots of —0.3 MPa saline-treated plants was elicited in response to 
presoaking seeds in GA3 or IAA. On the other hand, t he observed increases 
in ABA content in —0.6, —0.9 and —1.2 MPa saline-treated plants were 
either reduced or completely nullified by the pre t rea tment of seeds with 
GA3 or IAA. 
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Results and discussion 
El-Shahaby et al. (1990) h a v e shown t h a t the to ta l a m o u n t and t h e 
relat ive composit ion of the n i t rogen pool were a l tered by sal ini ty and it seems 
t h a t these changes were dependent mainly on (1) the level of salinity used, 
(2) t h e stage at wh ich plants were t rea ted and (3) the p lant organ. 
The results repor ted here show tha t t he presoaking of Pisum sativum 
seeds in either GA 3 or IAA appeared to null ify, e i ther par t ia l ly or completely, 
or t o augment t h e observed effects of salinity on t he protein-N, to ta l soluble-N 
and proline con ten ts a t all stages of plant development . These results appear 
to coincide with t h e recovery in t h e growth of pea plants under these hormonal 
t r e a t m e n t s (Younis e t al., 1989). Similarly B a n y a i and Ra i (1983) indicated 
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t ha t the GA3-mediated recovery of hypocotyl growth in Brassica campestris 
under osmotic stress, may be a consequence of increased protein and RNA 
content . Thus, the observed increase in proline and other nitrogen metabolite 
contents due to GA3 or IAA seed pre t rea tment can be used as an indicator 
in the selection of seed for plants t ha t will withstand saline stress through 
osmoregulation, as reported by Singh et al. (1972), Imámul Huq and Larher 
(1983), El-Shahaby et al. (1990) and Abo-Hamed et al. (1990). 
The beneficial effect of seed presoaking in GA3 or IAA on citric and 
oxalic acid contents, in shoots and roots of the saline-treated plants , was 
manifested by augmentat ion of the increases and nullification of the reduc-
tions observed in the plant contents of these acids. This was associated with 
reducing the injurious accumulation of Na ions in shoots and roots. Thus seed 
presoaking in GA3 or IAA appeared to nullify the accumulation of Na ions 
and a t the same t ime to increase the organic counter ion content. These results 
agree with the da ta obtained by Darra and Saxena (1973) and Heikal et al. 
(1982). The connection between the effects of seed presoaking in GA3 or IAA 
on organic acids and sodium contents led us to conclude that GA3 or IAA 
may provide the saline t reated plants with some tolerance of salinity stress. 
The magnitude of the response was dependent upon the level of the salin-
ity used. 
The results of this investigation also indicate t h a t seed presoaking in 
GA3 or IAA st imulated the reduction in the levels of ARA in shoots of the 
salinized plants, and this could possibly be a reason for the promotion in 
growth of these stressed plants, as previously demonstrated by the authors 
(Younis et al., 1989). This conclusion is supported by the results obtained 
by Sinel'nikova et al. (1972) who s ta ted tha t the removal of the growth in-
hibiting effect of NaCl salinization af ter GA3 t r ea tment is associated with 
changes in the ratio of stimulators to inhibitors in the plant tissue. 
I t became evident f rom this s tudy tha t the exogenous application of 
GA3 or IAA appeared to supply more or less sufficient quantities which were 
implicated in the recovery of growth under conditions of osmotic stress. This 
recovery may be a consequence of several roles played by such hormones 
which can cause triggering of the internal cellular metabolism and also induce 
alterations in the ratios of the growth regulators which have been shown to 
he critical determinators of growth and differentiation (Street and Cock-
burn, 1970). 
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R E M O V A L O F L I N D A N E R E S I D U E S F R O M A P P L E 
B Y COMMERCIAL P R O C E S S I N G 
A N D P R E S E R V A T I O N O P E R A T I O N S 
B A D I A A A . B E S S A R , K . K O R Á N Y a n d A . S . SZABÓ 
U N I V E R S I T Y OF HORTICULTURE AND FOOD INDUSTRY, D E P A R T M E N T OF FOOD CHEMISTRY 
A N D NUTRITION, B U D A P E S T , H U N G A R Y 
(Received: 28 March, 1990; accepted: 15 June , 1990) 
Commercial processing and preservation operations of plant foods remove major 
portions of the t o x i c residue of chemicals that are currently permitted on the raw 
agricultural crops. In this work, gas-liquid chromatography with electron capture 
detector (ECD) was used to determine the extent reduction of Lindane residue levels 
found on and in contaminated plant foods by the effect of home preparation procedures 
and technological processes directly after Lindane application and f i f teen days later. 
Simple washing w i t h tap water and washing with detergent reduced Lindane residues 
to 74 .7% and 3 5 . 1 % of its initial value immediate ly after Lindane application, and to 
7 5 . 5 % and 60 .8% after 15 days post-application. Washing plus peeling reduced 30% 
and 49.7% of the initial Lindane residue immediately after application and 15 days 
later, while washing plus peeling plus processing to jam reduced 85.8% and 9 1 % of the 
Lindane residues found on unwashed fruits at the same ment ioned intervals. A wait ing 
period of 15 days after Lindane appl icat ion brought a s ignif icant reduction of residues 
found on unwashed apples, as only 4 6 . 1 % of that residue was found after immediate 
application. Steril ization and pasteurizat ion of fresh apple juice reduced 4 6 . 1 % and 
5 6 . 3 % of Lindane residues directly after application, and 51 .9% and 78 .7% after 15 
days of Lindane application. Preservation of peeled fruits as an apple j a m decreased 
the Lindane residues by 79.7% and 6 1 . 1 % immediately after Lindane appl icat ion and 
15 days later. 
Keywords: apple, gas-liquid chromatography, Lindane, pesticide residue, washing 
Introduction 
Current ly, the use of pesticides in the agricul ture fields has provided 
numerous benefi ts in t e rms of increased product ion and qual i ty of t he p roduc t . 
At t h e same time, pesticides are toxic chemicals or in fac t are poisons, and 
to avoid the toxic effects or to p ro tec t the heal th of human beings, most 
countr ies have in t roduced laws governing not only t he use of pesticides, bu t 
also se t t ing limits for the levels of pesticide residues which may be to lera ted 
in foods (Maybury, 1989). The Nat iona l Food Processors Association (NFPA) 
has long been in teres ted in the effect of commercial processing on pesticide 
residues in foods, and it represents near ly 600 companies including mos t of 
the m a j o r food processors in the Uni ted States. The mission of N F P A is to 
serve t he food processing indus t ry and consumers b y helping to assure the 
safe ty , wholesomeness, and nut r i t ional value of the na t ion ' s food supply and 
also t o show t h a t processing almost a lways considerably reduces residue levels 
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(Elkins 1989). I t was necessary to confirm t h a t the fresh f ru i t s and vegetables 
available for publ ic consumpt ion must be free of excessive pesticide residues. 
Tolerances are t h e best way to avoid unce r t a in ty about the safe ty of pesticide 
residues in food, and, therefore , to assist b o t h the food processing indus t ry 
a n d consumers, desired residue levels can be achieved in t he food supply b y 
us ing various food processing methods (Trichilo and Schmit t 1989). 
Materials and methods 
Reagents 
Lindane (a-Hexachlorocyclohexane) technical grade material is specified to be 99.9% 
pure with light white colour, Acetone pure, Benzene pure, Dichloromethane (Merck No. 6050), 
n-hexane (Merck No . 9688), Elution mixture (10:2:2) dichloromethane: benzene: acetone, 
Charcoal pure (AR) (No. 2186), Cellite 545, C. Roth Karlsruhe, Silica gel 0 .05-0.2 mm (Merck 
N o . 7734), Sodium Chloride (AR) and anhydrous Sodium Sulphate. 
Equipment 
A Hewlett -Packard Model 5730/A gas-liquid Chromatograph, equipped with a linear 
Ni 6 3 electron capture detector (18713/A) and an all-glass transfer line from the column to the 
detector, was used for the Lindane assays. A 1.5 mm (i.d.) X 6 feet glass column packed with 
1 .95% OV-17 on 100-120 mesh Chromosorb was used under the following conditions: Carrier 
gas 5% methane in argon at 60 cm2 /min flow, injection port 250 °C, Oven temp. 270 °C, 
Detector temp. 300 °C, Starting temp. 200 °C, Speed of heating 2 °C/min. and initial holding 
t i m e 2 min. Injection of 1 (A using 10-/Л Hamilton syringe equipped with change adapter. 
Treatment 
Ten kilograms of mature apples (Budapest markets) were sprayed with Sigma Ultra 
Sprayer using the field concentration of 0.6 g/liter Lindane. The treated fruits were left to 
dry in plastic trays and loosely covered with polyethylene bags. Treated fruits were divided 
in to two equal parts, the first part used directly after treatment and the second one kept for 
15 days at 10 °C to simulate shopping and marketing conditions. Fruits of both parts were 
washed with water only and with detergent, and washed fruits processed using sterilization 
and pasteurization, were preserved as an apple jam. The same steps as in home preparation 
and other preservation methods were done for untreated apples. 
Extraction and clean-up 
Lindane residues are extracted from treated apples (100 g sample) with 200 ml acetone 
and the extract f i ltered. Then, 50 ml of the filtration product was diluted with 200 ml of water 
and dichloromethane (1:1) for partitioning the residues. The extract was dried with anhydrous 
sodium sulphate and dichloromethane layer was kept. The dichloromethane layer was purified 
through a charcoal-silica gel clean-up column with the eluation mixture (dichloromethane : ben-
zene : acetone, (10:2:2). Then, the solvent mixture was evaporated and the Lindane residues 
dissolved again in 10 ml of n-hexane and diluted to 6-t imes in n-hexane for chromatographic 
determination (Tag El-Din 1987). 
Recovery value of Lindane 
The efficiency of the gas l iquid chromatographic method for residue determination of 
Lindane was achieved by adding 100 /tg Lindane/g sample to a portion of the untreated apple 
sample which was then put through the extraction, clean-up and residual determination as 
followed in the used methods. The average recovery value for Lindane in apple was 86.4%. 
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Results and discussion 
Removal of Lindane residues by washing and peeling 
T h e removal of pesticide residues f r o m plant foods b y the effect of com-
mercial washing is control led by m a n y factors , such as chemical s t ruc tu re , 
chemical properties of t h e pesticide, n a t u r e of the food commodi ty a n d dura-
tion of t ime t h a t the compound has been in contact wi th the food, also by 
the fo rmula t ion in which the pesticide was applied a n d the weather condi-
tions as s t a t ed by Elkins (1989). Table 1 shows the ef fec t of simple washing, 
complete washing wi th detergent , peeling and wai t ing period for 15 days 
af ter L indane applicat ion. A simple washing caused 25 .3% reduc t ion in 
Lindane residues f rom 123.8 /xg/kg to 92.5 /xg/kg immedia te ly a f te r applica-
ТаЫе 1 
Effect of simple washing, adequate washing, peeling, and waiting period 
on Lindane residue levels on apples 
Lindane residues 
Home preparation Immediately after treatment 15 days after treatment Effect of wait ing period 
techniques 
residues 
mean ; LSD 
reduction 
% 
residues 
mean ± LSD 
reduction 
% 
15 days residues ,
л л  
. . . . . j X100 
initial residues 
Unwashed 
fruits 123.8 + 6.8 00.00 57.1 + 8.1 00.00 46.06 
Simple* 
washing 92.5 + 3.1 25.28 43.1 + 8.6 24.47 46.56 
Adequate** 
washing 4 3 . 4 + 3 . 6 64.94 43 .7+7 .7 39.23 79.84 
Peeling 
washing 86.7 + 7.7 29.97 28.7 + 1.8 49.65 33.11 
* Simple washing: Washing with tap water only. 
** Adequate washing: Washing with detergent. 
tion, and washing w i th detergent resul ted in 64 .9% reduction in L indane 
residues immediate ly a f t e r application f rom 123.8 /xg/kg. A simple washing 
af te r 15 days of L indane application caused 24.5% reduct ion in res idue level 
f rom 57 /xg/kg to 43.1 /xg/kg, while washing with detergent caused 39.2% 
reduct ion f rom 57 ^xg/kg to 34.7 /xg/kg for the same ment ioned in te rva l . Peel-
ing plus washing reduced 30% and 4 9 . 7 % of the ini t ial Lindane res idue level 
immedia te ly af ter appl icat ion and f i f t een days la ter , f rom 123.8 /xg/kg to 
86.7 /xg/kg and f rom 57 /xg/kg to 28.7 /xg/kg, respectively, while peeling alone 
reduced 4 .7% and 25 .2% in Lindane residue level a t the same men t ioned 
intervals . Washing plus peeling plus processing apples into j a m caused a 
s ignif icant reduction for the initial L indane residues found on unwashed 
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apples, reached to 85.8% and 91% directly af ter Lindane application and 
f i f teen days la te r . These f indings agree wi th those of L a m b et al. (1968), 
which established that commercial washing of potato t rea ted with DDT re-
moved about 2 0 % of total D D T residues, while home preparat ive procedures 
and peeling of t rea ted potato removed more t h a n 91% of D D T residue level. 
Also, washing plus blanching plus canning of treated tomato frui ts removed 
9 9 % of mala th ion and carbaryl residues, as s ta ted by Elkins (1989). A wait-
ing period of 15 days after Lindane application is most effective in reducing 
t h e residue level from 123.8 pg/kg to 57 /tg/kg. These obtained results agree 
completely wi th those of Farrow et al. (1968 and 1969), Hemphil l et al. (1967), 
Fahey et al. (1969), Talekar et al. (1977) and Bessar (1984). 
Removal of Lindane residues by some preservation processes 
The inf luence of various technological processes for fresh apple juice 
on Lindane residues is shown in Table 2. The obtained results emphasized 
t h a t pasteurization and sterilization of fresh apple juice reduced residue levels 
f r o m 92.5 /tg/kg to 49.9 pg/kg and 40.4 /ig/kg; wi th reduction percent of 46 .1% 
and 56.3% of t h e initial L indane residue in fresh apple juice immediately 
a f t e r application. A similar effect was noticed a f t e r 15 days of Lindane applica-
t ion, where residue levels decreased from 43.1 /tg/kg to 20.7 /fg/kg and 9.2 
/ig/kg with reduct ion percent of 51.9% and 78.7% by pasteurization and 
sterilization, respectively. Also, the preservation of peeled apples by an apple 
Table 2 
Effect of various technological processes on Lindane residues in apple products 
Lindane residues "ug/kg" 
Preservation Immediately after treatment 15 days after treatment Effect of waiting period 
techniques 
residues 
mean ± LSD 
reduction 
% 
residues 
mean ± LSD 
reduction 
% 
15 days residues , „ 
. . . • - XlOO 
initial residues 
Fresh 
juice 92.5+0.052 00.00 43.07 + 0.023 00.00 46.56 
Pasteurized 
juice 49.9+0.018 46.05 20 .70+0 .005 51.94 41.48 
Sterilized 
juice 40.4+0.004 56.32 09.18 + 0.003 78.69 22.72 
Peeled 
juice 86.7 + 0.017 00.00 28.71 + 0.004 00.00 33.11 
Apple 
j a m 17.6+0.004 79.70 11 .16+0 .002 61.13 63.41 
The data are mean values and standard deviations of five parallels. 
Acta Agronomica Hungarica 40,1991 
REMOVAL OF L I N D A N E R E S I D U E S F R O M A P P L E 3 8 1 
j a m has a significant effect on the reduction of Lindane residue levels. Lindane 
residues lowered f rom 86.7 (ig/kg to 17.6 /ig/kg wi th reduction percent of 
79.7% immediately af ter Lindane application, and from 28.7 /tg/kg to 11.2 
pg/kg with reduction percent of 61 .1% 15 days a f t e r the Lindane application. 
These obtained da t a strongly support the view t h a t , despite the high resist-
ance of Lindane to degradation by many physical factors, heat t reatments , 
pasteurization and sterilization removed the ma jo r portions of Lindane 
residues adding to the effective role of washing and peeling as previously 
mentioned. The wait ing period of f i f teen days has an important role in the 
removal and reduction of pesticide residue levels. 
Our obtained da ta are in completely ha rmony with these findings of 
m a n y authors, e.g., Koivistoinen et al. (1964), Carlin et al. (1966), Farrow 
et al. (1968 and 1969), Elkins et al. (1968), Newsome (1980), Talekar et al. 
(1977), Bessar (1984) and Elkins (1989). 
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E F F E C T OF N - D I S T R I B U T I O N ON I N T E N S I V E L Y 
P L A N T E D H A Y F I E L D S 
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The various w a y s of distributing 300 kg/ha N influence the annual y ie ld of hay 
and the seasonal output of cutting. The autumn distribution of N is not advisable . 
N fertil ization is most important in spring, because its omiss ion causes y ie ld loss. 
B y the proper application of the N-fertilizer the yearly distribution of the y i e ld can 
be influenced. The balanced yield level of the successive growths was ensured b y the 
even distribution of the N-fertilizer. The annual amount and distribution of precipitat ion 
determined the volume of yield and influenced the ef fect iveness of the N-ferti l izer. 
The proper distribution of N increased the N content of the grassland. N-doses suppl ied 
for different growths showed various effectiveness. 
Keywords: grassland, hayf ie ld, fertil ization, N-distribution 
Introduction and Literary review 
A large amount of Hungár ián and internat ional d a t a are available con-
cerning t h e distribution of N over the sections of grazing lands. However , 
little is k n o w n of the dis t r ibut ion of N on hayfields. Seasonal changes in the 
yields of grasslands mus t also be reckoned with in H u n g a r y . The produc t ion 
potent ial of the grassland, the number and yield of t h e successive growths , 
determine t he number and t ime of cut t ings on the basis of those crops t h a t are 
economically worth cu t t ing . 
F r o m intensively p lan ted hayfields the yield of grass is larger. Therefore , 
the way of dis tr ibut ing t he larger N q u a n t i t y applied m a y influence the volume 
of yield and its distr ibution over the vegeta t ion period. 
Some have tried t o balance the seasonal yield f luc tua t ion of the grass-
land by different ways of dis t r ibut ing the N-fertilizer, and have s tudied the 
possibility of obtaining larger yields. K lapp (1952) used 3 variat ions of dis-
t r ibu t ing 240 kg/ha N (given once before the vegetation per iod; d is t r ibuted at 
4 equal r a t e s over the whole year ; 1/6 of N supplied a t t h e beginning of the 
vegetat ion period, 1/3 of i t in summer and half of it a t t h e end of the season). 
The l a t t e r fo rms of N-dis t r ibut ion resulted in a more ba lanced yield dur ing the 
year. Schulze (1954, 1956) exper imented similarly wi th various forms of N 
dis t r ibut ion: giving the whole dose of N a t the beginning of the season; dis-
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t r ibu t ing it ever ly ; supplying no N in early spring bu t d is t r ibut ing 1/6 of it 
l a t e in spring, 1/3 in summer a n d 1/2 at the end of the season. The most f avour -
able influence on the annual grass yield was exercised by t h e uniform distr ibu-
t i o n of N. Voisin (1968) p rov ides the theory of N-dis t r ibut ion and explains t he 
pract ice followed in N o r t h - W e s t Europe. I n England Carpent ier and Louis 
(1970) examined the effect of 5 0 - 5 0 % spring and Ju ly d is t r ibut ion and of t he 
use of N in e q u a l doses, respect ively, as compared to the spr ing application of 
t h e whole N-dose . In accordance with the t r e a t m e n t s t h e y a t ta ined seasonally 
differing yields, the highest a t annual level in t h e case of un i fo rm dis tr ibut ion. 
On an i r r igated Alopecurus pratensis-type hayfield (Bánszki 1973) t he 
distr ibution of N fertilizer ove r the vegeta t ion period in rising percentages 
( 2 5 - 3 5 ^ 0 % ) b rough t a 9 % signif icant yield increase. According to the results 
of a N dis t r ibut ion experiment carried out in t h e f ramework of the COMECON, 
t h e uniform dis tr ibut ion d u r i n g vegetation of larger t h a n 240 kg/ha quant i t ies 
of N was t he most efficient (Bánszki 1974). In the case of grasslands used 
specially as hayf ie lds , Nagy (1977) suggests concent ra t ing t h e N-fertilization 
t o the first, or t h e first two growths . 
In the exper iment we t r i ed out the mos t diversified da tes and rates of 
N-distr ibut ion in order to de t e rmine whether the dis t r ibut ion could be opti-
mized so as to increase the yield, and to wha t ex ten t the o u t p u t of each growth 
could be inf luenced by d i f fe ren t N doses. 
Materials and methods 
Between 1975 and 1980 the e f fect of distributing 300 kg/ha N, wi th 100-200 kg/ha P K 
act ive agent as base fertilizer, was studied on a grassland planted at Hajdúszoboszló, on the 
grass-trial grounds of the Debrecen University of Agricultural Sciences. The treatments are 
shown in Table 1. The effect of N applied once in autumn, at equal and changing, decreasing 
and increasing rates during vegetat ion, and distributed fractionally, was studied as compared 
t o the effect of N supplied only once in spring. 
The experiment was laid o u t in random block design with 4 replications, in plots of 
24 m 2 each, with a 4-cutting sys tem. The composition and seed quantit ies of the grass were: 
meadow fescue — Festuca pratensis H U D S . (Szarvasi-54) 14-, blue grass — Poa pratensis L. 
s sp . lat. ("G") 4-, red fescue — Festuca rubra L. ssp. genuina HACK. ("G") 3-, dactylis — 
Dactylis glomerata L. (Szarvasi-51) 8-, Hungarian brome grass — Bromus inermis L E Y S S 
(Szarvasi-52) 6-, t imothy — Phleum pratense L. ("G") 3-, rye-grass — Lolium perenne L. 
("G-658") 5-, lódi here — Trifolium repens var. giganteum LAGR. 2 kg/ha. 
The soil of the experiment w a s a lime-coated lowland chernozem. The results of soil 
analysis of the 0 - 2 0 cm layer prior to starting the experiment are: pH(KCl) 6.2, К д 44, total 
sa l t % 0.02, humus % 3.4, nutrient content in ppm N O , + N O , 1.7, AL-soluble P , 0 5 44 and 
K 2 0 239, Mg 575, N a 50, Zn 1.4, Cu 5.3, Mn 100, S 0 4 11.7. 
The major data of precipitation and temperature in the years of the experiment are 
contained in Table 2. Apart from 1980 the annual precipitation was less in each year than the 
50-year average; 1976 and 1979 being particularly dry years. The differences in the yields of 
t h e successive growths were caused b y the alternation of dry and wet seasons during the 6th 
year . The amount of precipitation in the hydrological year is presented, as is a calculation of 
precipitation per cutting. To the y ie ld of the first growth the late autumn precipitation of 
the previous year, as well as the winter and spring precipitation, also contributed. To the 
second growth an average of 108 m m (56-175), to the third growth 112 mm (73-157 mm) 
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Table 1 
Treatments in the experiment 
(Base fertilization: PK 100-200 kg/ha active agent) 
% distribution of N active agent (2) kg/ba distribution of N active agent (5) 
ment 
(i) autumn 
1 2 3 4 
autumn 
1 2 3 4 
(3) distributed before cutting (4) (3) distributed before cutting (4) 
l . _ 100 300 
2. 20 20 20 20 20 60 60 60 60 60 
3. — 25 25 25 25 — 75 75 75 75 
4. 50 50 — — — 150 150 — — — • 
5. — 50 — 50 — — 150 — 150 — 
6. 33 33 — 33 — 100 100 — 100 — 
7. — 75 — 25 — — 225 — 75 — 
8. — 50 25 25 — — 150 75 75 — 
9. — 50 17 17 17 — 150 50 50 50 
10. — 17 50 17 17 — 50 150 50 50 
11. — 17 17 33 33 — 50 50 100 100 
12. — — 33 33 33 — — 100 100 100 
13. — 33 33 17 17 — 100 100 50 50 
14. 
— 
50 50 
— — — 
150 150 
— — 
I 
Table 2 
Precipitation- and temperature data from the years of the experiment 
Amount of precipitation, mm (2) 
Yearly total 
Y e a i s
 1st Jan.— 
31st Dec. 
(3) 
Hydrolog-
ical year 
1st Oct  
30th Sept. 
( 9 
Vegetation 
period 
1st Apr.— 
31st Sept. 
(5) 
per cutting (6) perature
 eC 
(8) 
l . 2. 3. 4. Totally 
О 
Year's 
average 
(») 
1975 541 661 411 110 131 120 41 402 9.7 
1976 518 476 330 50 56 126 133 365 8.7 
1977 531 537 274 68 38 89 61 256 9.1 
1978 573 598 400 112 134 108 38 392 8.4 
1979 513 525 270 52 112 73 1 238 9.5 
1980 720 631 481 65 175 157 41 438 7.8 
Average (10) 566 571 361 76 108 112 52 349 8.9 
50 years' 
average (11) 583 583 340 10.0 
X = Precipitation falling to the first cutting from 1st April (12) 
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and to the fourth growth 52 mm ( 1 - 1 3 3 mm) precipitation fell on the average of 6 years. 
Th i s explains the great differences b e t w e e n the yields of the cuttings. 
In the experiment 34% a m m o n i u m nitrate was used for N-fertilization, 18% granular 
superphosphate for P fertilization and 60% KCl for К fertilization. The N-fertilizer was distri-
b u t e d according to the treatments, t h e P and К fertilizers were supplied only once in autumn. 
On the average of the years of the experiment the first cutting w a s done on 22 May 
( 1 9 - 2 8 May), the second on 4th Ju ly (between 27 June and 17 July), the third on 14 August 
( 1 2 - 2 9 August) and the fourth on 21 September (between 16 September and 1 October). 
T h e first growth took 68 days from 15th March to develop, the second and third growths 
4 4 days each, while the number of d a y s required for the grass to be ready for the fourth cutt ing 
w a s 39 on the average of the 6 years. 
In the major treatments plant samples were taken from each growth of every year in 
order to determine the components of the grass. The analyses were performed at the Laboratory 
of the Crop Production Department of the University. The experiment was evaluated w i t h 
statictical methods and variance analysis . The yields are expressed in terms of absolute dry 
matter. 
Results 
Annual yields 
The yields were compared to t r ea tment 1 as a relat ive control (Table 3). 
T h e various p a t t e r n s of N-dis t r ibut ion did n o t result in yield increase. T h e 
different ways of N dis t r ibut ion caused yield differences be tween the t r e a t -
m e n t s in accordance with t he annua l and seasonal dis t r ibut ion of precipi tat ion. 
O n the average of 6 years t r e a t m e n t s 11 and 12 — which received very small 
if any doses of N in spring — showed signif icant yield r educ t ion compared t o 
t r e a t m en t 1. I n several yea r s of the exper iment signif icant differences were 
f o u n d now in one, now in a n o t h e r t r ea tmen t according t o t h e changes in t h e 
annua l and seasonal d is t r ibut ion of precipi tat ion, while t h e r e were years wh e n 
n o reliable yield differences w e r e obtained owing to the d ry wea the r . 
The a n n u a l level of yields was limited b y t he annual a m o u n t of precipita-
t ion . In the f i r s t years of t h e experiment t h e yield f luc tua t ion in t r ea tmen t 1 
was 50-124% (see Table 5). 
The d i f fe ren t rate a u t u m n application of N-fertilizer d id not cause yield 
differences. T h e pat tern of N distribution o p t i m u m for t h e annual yield (op-
posed to the fu l l does of N supplied in spring) — which would have resul ted 
i n yield increase — did no t w o r k with the given climate, soil and grass-type 
hayfield (Fig. 1). 
Outputs of cuttings 
The 6-year average yie ld of the growths of grass a n d i ts intervals are 
given in Table 4. The data de ta i led by cut t ing show the effect of N-distr ibution, 
the yield f luc tua t ions and t h e so-called yea r effect (the ef fec t of the a m o u n t 
a n d distr ibution of precipi ta t ion) . With t h e different cu t t i ngs significant dif-
ference was obta ined now in one, now in ano the r t r e a tmen t , mainly where t h e 
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Table 3 
Yield results of the experiment on distributing N-fertilizer in a hayfield и 
(NPK 300—100—200 kg/ha active agent) ч 
g 
Dry ma t t e r yield (2) q 
4 Treatment 
(i) 1975 1976 1977 1978 1979 1980 Average № 
t/ha » 
(3) 
4 t /ha 
(3) 
% t/ha 
(3) 
% t /ha 
(3) 
% t/ha 
(3) 
% t/ha 
(3) 
% t/ha 
(3) 
% 
i . 15.58 100 10.35 100 15.49 100 16.07 100 6.46 100 13.63 100 12.93 100 
2. 16.50 106 10.46 101 16.21 105 14.26 89 6.04 93 13.65 100 12.85 99 
3. 16.64 107 10.72 104 16.68 108 13.87 86 5.71 88 12.78 94 12.73 98 
4. 14.86 95 9.56 92 14.33 93 15.78 98 6.20 96 13.15 96 12.31 95 
5. 16.00 103 10.16 98 16.45 106 14.82 92 5.53 86 13.27 97 12.71 98 
6. 15.77 101 10.27 99 16.15 104 15.08 94 5.64 87 13.30 98 12.70 98 
7. 15.39 99 9.78 94 15.77 102 15.46 96 6.18 96 12.59 92 12.53 97 
8. 15.80 101 10.18 98 16.11 104 15.49 96 6.11 95 12.60 92 12.72 98 
9. 15.73 101 10.34 100 16.03 103 14.67 91 5.87 91 12.34 91 12.50 97 
10. 15.86 102 9.72 94 16.57 107 13.79 86 6.24 97 12.80 94 12.50 97 
1 1 . 16.01 103 10.40 100 16.15 104 12.40 77 4.98 77 12.22 90 12.03 93 
12. 16.26 104 9.62 93 14.48 93 10.27 64 5.19 80 12.39 91 11.37 88 
13. 16.28 104 9.67 93 16.12 104 14.79 92 6.52 101 12.83 94 12.70 98 
14. 15.66 101 9.39 91 14.94 96 15.73 98 6.74 104 12.90 95 12.56 97 
LSD 5% 1.61 10 0.86 8 1.52 10 0.97 6 0.54 8 1.27 9 0.84 6 
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Growths 
In autumn 
I b e t ö r e 
. »-1979 
4 
A.before 
3. before 
A. before 
t / h a 
17 
16 
Dry matter y ie lds 
t / h a 
13-
12 -
11 
Dry matter y ie lds 
'Annual 
Fig. 1. Effect of various patterns of N-distribution on the yield of the hayfield, 1975-1980 
differences of the dose of N were greater. According to the different t rea tments 
of N-distribution 3.60-7.27 t /ha yields were obtained wi th cutting 1, 2 .27-
3.74 t/ha with cutting 2, 1.50-2.82 t/ha wi th cutt ing 3 and 0.87-1.86 t /ha dry 
mat te r yield wi th cutting 4. 
Compared to the full dose spring application of N ( t reatment 1) in the 
other t rea tments the ou tpu t s of cuttings — except cut t ing 1 — could be 
influenced by t he different ra tes and times of N-distribution during the vegeta-
t ion period, especially in rainier years or seasons. 
In Table 5, the yields are detailed by year and growth, and the yearly 
scatter and f luctuat ion of t he 6-year yield average as well as the proportions of 
yield level differences are analysed for two selected t r ea tments : t rea tment 1 
(full dose spring application of N) and t r ea tmen t 3 (uniform distribution of N 
during the vegetation period). The data show the relationship between yield 
and precipitation. 
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Table 4 
Yield average and intervals of cutting, 1975—1980 
Dry matter yield of cuttings, t/ha (2) 
Treat-
ments l . 2. 3. 4. 
( i ) average 
(3) 
interval 
(9 
average 
(3) 
interval 
(9 
average 
(3) 
interval 
(9 
average 
(3) 
interval 
(9 
l . 7.27 3.86—12.04 3.04 1.32—4.58 1.61 0.47—2.70 1.01 0 . 2 1 - -3.19 
2. 6.07 3.09—9.65 2.81 1.06—4.44 2.25 0.55—4.22 1.72 0 . 1 5 - -4.32 
3. 5.48 2.55—8.31 3.05 1.13—4.47 2.44 0.52—4.59 1.76 0 . 2 4 - -4.24 
4. 7.26 3.92—12.19 2.66 1.05—4.21 1.50 0.47—2.57 0.89 0 . 1 6 - -2.27 
5. 6.37 3.16—10.61 2.27 0.97—4.12 2.82 0.58—5.66 1.25 0 . 1 9 - -3.40 
6. 6.00 3.21—11.08 2.34 1.04—3.92 2.56 0.63—4.89 1.20 0 . 2 3 - -3.33 
7. 6.80 3.48—11.32 2.33 1.11—3.60 2.35 0.69—4.40 1.05 0 . 2 3 - -2.93 
8. 6.36 3.06—10.52 2.92 1.26—4.39 2.34 0.55—4.45 1.10 0 . 1 7 - -3.19 
9. 6.30 3.03—10.48 2.58 1.09—3.87 2.14 0.57—4.07 1.48 0 . 1 9 - -3.83 
10. 5.03 2.28—7.24 3.68 1.12—4.89 2.20 0.56—4.17 1.59 0 . 2 1 - -4.14 
11. 4.99 2.04—7.05 2.60 1.05—4.17 2.58 0.61—4.81 1.86 0 . 2 2 - -4.27 
12. 3.60 1.60—5.56 3.37 1.17—4.74 2.56 0.59—4.75 1.84 0 . 2 2 - -4.22 
13. 5.75 2.88—8.99 3.29 1.07—4.74 2.17 0.66—4.06 1.49 0 . 1 9 - -3.60 
14. 6.28 3.04—10.30 3.74 1.24—5.24 1.67 0.47—2.65 0.87 0 . 1 7 - -2.54 
LSD 5% 0.90 0.42 0.38 0.35 
ChaDges in the yield proportions of cuttings in response to t he N-dis-
t r ibut ion are shown in Table 6, as compared to t r e a tmen t 1. Wi th the first 
cu t t ing the different N doses resulted in 50-100% yield, with the second cutting 
in 75-123%, while with the third and four th cuttings 93—175% yield compared 
to t he full dose N-fertilizer. The figures indicate the possibility of influencing 
the ou tpu t of the individual cuttings by the way of distr ibuting the N-fertilizer. 
The distribution percentage of t he 6-year average yield by cu t t ing changes 
wi th the distribution pa t te rn of N: i t is 32-56% with the first , 18-32% with 
the second, 12-22% with the third and 7-16% with t he fourth cut t ing. The 
yield distribution refers to the to ta l yield (the effect of the na tu ra l growth 
— soil fertility, unfertilized control — and the effect of N-distribution are 
joint ly indicated). 
The experiment proved the importance of N-fertilization in spring; 
fur thermore , t ha t the yields of growths can to some extend be influenced by 
the distribution pa t te rn of N and uniform yields can be ensured b y evenly 
distributed N-doses. 
Height of the grass stand 
Table 7 contains the data of p lan t stand height per year and cutting, on 
the average of 6 years. On year level t rea tment 10 showed significant differences 
compared to t rea tment 1. With the individual cut t ings in a number of treat-
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Table 5 
Yields of cuttings and rates of fluctuation of yield in the experimental years in 
selected treatments 
N u m b e r 
o f 
treat-
m e n t 
(1) 
Year. 
I . 
Dry matter yield of cuttings (3) 
t /ha % "f 
/<?\ aver. 
( 5 )
 (о 
2. 
t /ha 
(5) 
% of 
aver. 
(6) 
3. 
t/ha % of 
(5) a v e r -
(«) 
t/ha 
(5) 
% of 
aver. 
(6) 
Total (4) 
of t/ha % 
(5) a v e r ' 
(6) 
1975 7.45 102 4.35 143 2.35 146 1.43 142 15.58 120 
1976 4.05 56 1.32 43 1.79 111 3.19 316 10.35 80 
1977 8.84 122 3.17 104 2.70 168 0.78 77 15.49 120 
1978 12.04 166 2.86 94 0.96 60 0.21 21 16.07 124 
1979 3.86 53 1.92 63 0.47 29 0.21 21 6.46 50 
1980 7.35 101 4.58 151 1.41 88 0.29 29 13.63 105 
Average 7.27 100 3.04 100 1.61 100 1.01 100 12.93 100 
1975 6.21 113 4.47 147 3.15 129 2.81 160 16.64 131 
1976 3.15 57 1.13 37 2.20 90 4.24 241 10.72 84 
1977 6.78 124 3.04 100 4.59 188 2.27 129 16.68 131 
1978 8.31 152 2.85 93 2.24 92 0.47 27 13.87 109 
1979 2.55 47 2.40 77 0.52 21 0.24 14 5.71 45 
1980 5.93 108 4.40 144 1.93 79 0.52 30 12.78 100 
Average 5.48 100 3.05 100 2.44 100 1.76 100 12.73 100 
1975 2.52 141 1.07 100 2.23 202 1.47 186 7.29 153 
1976 1.09 61 0.79 74 0.85 77 2.03 257 4.76 100 
1977 2.22 124 1.62 151 1.67 152 0.88 111 6.39 135 
1978 2.05 115 0.87 81 0.70 64 0.11 14 3.73 79 
1979 0.74 41 0.96 90 0.26 24 0.09 11 2.05 43 
1980 2.12 118 1.10 103 0.86 78 0.17 22 4.25 89 
Average 1.79 100 1.07 100 1.10 100 0.79 100 4.75 100 
m e n t s the differences in height are reliable. The height more or less follows the 
t e n d e n c y of yield in the t rea tments . 
N content and yield of the grass 
The annual N percentage of t h e major t r ea tmen t s of the experiment in-
creased in response t o the distribution of N, in t r ea tments 3 and 11 significantly 
compared to t r ea tmen t 1. In dry years (1976, 1979) the N concentration was 
higher (Table 8 and Fig. 2). 
The content of the growths was lower at t h e time of t he f i rs t cutting, 
while in the fur ther cuttings it was mostly significantly higher owing to the 
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Table 6 
Yield proportions of cuttings and distribution percentages of annual yields in the 
experiment of distributing N-fertilizer over a hayfield, 1975—1980 
Yield proportions of cuttings in % compared Distribution of annual dry 
Number of to treatment 1. (2) m a t t e r У , е Ы ™ , % P « 
treatment c u t t ' ° g (3> 
(1) l. 2. 3. 4. l. 2. 3. 4. 
1. 100 100 100 100 56 24 12 8 
2. 83 92 140 170 47 22 18 13 
3. 75 100 152 174 43 24 19 14 
4. 100 88 93 88 59 22 12 7 
5. 88 75 175 124 50 18 22 10 
6. 91 77 159 119 52 18 20 9 
7. 94 77 146 104 54 19 19 8 
8. 87 96 145 109 50 23 18 9 
9. 87 85 133 147 50 21 17 12 
10. 69 121 137 157 40 29 18 13 
11. 69 86 160 184 41 32 21 15 
12. 50 111 159 182 32 30 22 16 
13. 79 108 135 148 45 25 17 12 
14. 86 123 104 86 50 30 13 7 
LSD 5% 12 14 24 34 
Table 7 
Height of growths in the experiment on nitrogen distribution in hayfield, 
1975—1980 
(NPK 300—100—200 kg/ha active agent) 
Height of the plant stand, cm (2) 
I reatments 
w 
С г о w t h s (3) 
Total 
I- 2. 3. 4. D) 
l . 77 49 33 26 185 
2. 74 46 39 33 192 
3. 72 49 39 33 193 
4. 79 46 31 23 179 
5. 76 40 44 30 190 
6. 77 41 43 29 190 
7. 78 44 40 26 188 
8. 77 48 40 27 192 
9. 75 46 37 31 189 
10. 70 52 40 32 194 
11. 67 45 43 34 189 
12. 61 50 43 34 188 
13. 73 49 39 32 193 
14. 75 52 34 23 184 
LSD 5% 3.7 2.6 4.1 4.2 7.8 
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Table 8 
Yearly N contents in the major treatments of the experiment of N-fertilizer distribution in hayfield, 1975—1980 
N content in terms of dry matter percentage (2) 
nber of ' " " " -—~— 
atment 1 9 7 5 1 9 7 6 1 9 7 7 1 9 7 8 1 9 7 9 1480 Average (4) 
( ' ) N % Rel. N % Rel. N % Rel. N % Rel. N % Rel. N % Rel. N % Й 5 Г 
(3) % (3) % (3) % (3) % (3) % (3) % (3) % 
1. 1.85 100 2.43 100 1.53 100 1.69 100 2.73 100 2.34 100 2.09 100 
3. 1.93 104 2.58 106 1.57 103 2.02 120 2.81 103 2.49 106 2.23 107 
11. 1.92 104 2.61 107 1.53 100 2.11 125 2.84 104 2.53 108 2.26 108 
13. 1.91 103 2.53 104 1.52 99 1.96 116 2.80 103 2.35 100 2.18 104 
LSD 5% 0.10 5 
Dry malter, t /ha 
8.0 
Eff ic iency, kg Height, cm 
80 
g r o w t h 
2. g r o w t h 
3, g r o w t h 
N k g / t a - U g r o w t h 
0 50 100 150 200 250 300 
N - d i s t r i b u l i o n kg/ha 
1 3 11 13 treatment 
300 75 50 100 l . q rowth 
- 75 50 100 2.growth 
- 75 100 50 3. qrowth 
- 75 100 50 4 growth 
Year 's average 
Л 50 100 150 200 U. growth 11. 13. Number of treatment 
Fig. 2. Effect of various patterns of N-distribution as manifested in the growths and treatments, 1975-1980 
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distribution of N (Table 9). The per ha N output of the cutt ings varied with 
the t rea tments , though on an annual level the difference was inconsiderable. 
The percentage and yield of N with the different cuttings can be influenced by 
t he pattern of N-distribution. The distr ibution of the yield of N by growth is 
only slightly different f r o m the yield distribution of the same t rea tments 
(see Table 6). 
Table 9 
N content and yield of cuttings in the major treatments of the experiment of 
N-fertilizer distribution in hayfield, 1975—1980 
Cuttings (2) 
Number of — ; — 
treatment 1. 2. 3. 4. Average/Total (4) 
(1) 
(3) % (3) % (3) % (3) % (3) % 
N content in terms of dry matter percentage (5) 
1. 2.08 100 2.08 100 2.00 100 2.22 100 2.09 100 
3. 1.80 87 2.22 107 2.36 118 2.56 115 2.23 107 
11. 1.74 84 2.06 99 2.48 124 2.75 124 2.26 108 
13. 1.85 89 2.35 113 2.15 108 2.36 106 2.18 104 
LSD 5% 0.09 4 0.11 5 0.12 6 0.22 10 0.10 5 
N yield kg/ha and its distribution % (6) 
1. 151.2 56 63.2 24 32.2 12 22.4 8 269.0 100 
3. 98.6 37 67.7 25 57.6 21 45.1 17 269.0 100 
11. 86.8 34 53.6 21 64.0 25 51.2 20 255.6 95 
13. 106.4 40 77.3 29 46.7 18 35.2 13 265.6 99 
Efficiency of N distribution 
On t h e average of several years, t h e N-distribution did not show dif-
ferences in efficiency between the t r ea tmen t s owing to the long te rm and 
after-effect of the N-fertilizer distr ibuted every year over the successive 
growths. The same dose of N used up by t h e growths resulted in different yield 
distributions. The efficiency of the same N-dose distributed during the vegeta-
tion period decreases (Table 10 and Fig. 2). The tendency of yield per 1 kg N 
decreases w i t h the increase of the N dose and in the la ter growths. The yield 
per 1 cm grass height increases in response to rising doses of N, but decreases 
with the successive cuttings. 
The 100% spring application of the N-fertilizer was the most economical 
in the exper iment ; this t r ea tmen t avoids the working peaks, reduces the de-
mand of machine capacity, but the distr ibution of yield is unfavourable. The 
method of N-distribution had better be decided with the purpose of produc-
tion, the annua l schedule of harvesting as well as economic calculations and 
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Table 10 
Efficiency of the quantity of N used in the experiment of N-fertilizer distribution in 
hay field, as manifested in the cuttings, 1975—1980 
(NPK 300—100—200 kg/ha active agent) 
Distribution of yield, Yield per 1 kg N fertilizer Yield per 1 cm grass height, 
N used up % (2) (4) kg (5) 
in the  
N* kg/ha 1- 2. 2. 4. 1. 2. 3. 4. 1. 2. 3. 4. 
cutt ing (3) cutting (3) cutting (3) 
50 40 21 17 12 100 52 43 31 73 57 56 49 
60 — 22 18 13 — 47 38 29 — 61 58 51 
75 43 24 19 14 73 40 32 23 76 63 59 53 
100 45 26 21 16 58 33 26 19 78 67 70 55 
120 47 — — — 51 — — — 82 — — — 
150 50 29 22 — 42 25 19 — 82 — — — 
200 52 33 86 
225 54 30 87 
300 56 24 93 
precipi ta t ion condi t ions taken into consideration. On this basis the dis t r ibut ion 
of N for the individual growths can be optimized. 
Composition of the grass stand 
The dis t r ibut ion of identical annua l amoun t s of N did not resul t in com-
posit ion differences between the t r ea tmen t s . 
Summary 
Between 1975 and 1980 in a planted grassland used as hayfield, various distribution 
patterns of 300 kg/ha N (applied in autumn, in spring, in uniform-, changing-, decreasing-, 
increasing- and fractional doses) was studied in comparison to the 100% spring application. 
The soil of the experiment was a lime-coated lowland chernozem. 
On the average of 6 years the treatments did not result in yield increases and yield 
reductions were obtained when small quantities of N or none were used (treatments 11 and 12). 
In the years of the experiment the yield level was determined by the annual amount and 
distribution of precipitation. Rainy and dry years and seasons alternated. Under the conditions 
of the experiment an opt imum N-distribution could not be established. The yields of the 
different growths also showed variation as a function of precipitation distribution and N dose. 
The outputs of cuttings could be influenced by the rate N-fof ertilization. The distribution 
of the N-dose over the vegetation period increased the nitrogen content of the grass. The 
different N doses were utilized in the cuttings in different ways. 
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T H E E F F E C T O F M O W I N G - F R E Q U E N C Y , 
N - Q U A N T I T Y A N D W A T E R I N G ON I R R I G A T E D 
STANDS 
T . B Á N S Z K I 
U N I V E R S I T Y OF AGRICULTURAL SCIENCES, D E B R E C E N , HUNGARY 
(Received: 21 September, 1990; accepted: 21 December , 1990) 
We have s tudied the effect of 3 and 6 mowings, and of N 150 and 300 kg/ha/year 
on dry and on watered stands, be tween mowings on 2 5 t h April and 25th September. 
The basic a m o u n t of P 2 O s 50, K 2 0 fertil izers used was 100 kg/ha/year. 
The increase of number of mowings reduced dry matter yields b y 2 9 - 4 3 % ; 
higher N-doses m e a n t a 1 7 - 3 2 % increase, while watering raised yields b y 3 5 - 6 0 % . 
According to regression analysis the yield was determined in the fo l lowing ratio: 
number of mowings 53%, w a y of cu l t ivat ion 36% and N-ferti l ization 1 1 % . When 
mowing was carried out 6 t imes , the mineral content of the stand was higher. The 
number of mowings played a decis ive role in the mineral content , determining i t in 
5 8 - 9 5 % . The increase of N-fert i l izat ion augmented while that of water ing reduced 
the concentrat ion of different e lements . The abundance ratio of plant species also 
changed. 
Keywords: grassland, mowing-frequency, N-quant i ty , watering 
Introduction 
The increase of t he number of mowings and of N-doses, as well as water-
ing a l ter the size of yields, the element content and the rat io of d i f fe ren t plant 
species in the s tands (4, 8). The t r ends and degree of changes differ l awn by 
lawn. The increase of t he number of mowings resul ted in yield reduc t ion in 
most of the exper iments (1, 2, 8) in some cases it increased the d r y - m a t t e r 
yield (9) and differences were reduced by growing N-doses (3). 
The increase of t he numbers of mowings, and of N-doses, also increased 
the prote in-contents and yield, as well as the mineral content for each case 
s tudied (1, 6, 8). Paral le l to mowing-frequency the P , Ca and Mg content 
decreased due to high N-doses, while N and К concentra t ions increased (11). 
Less f r equen t mowing was favourable for meadow fescue (5) and for meadow 
foxta i l (10) as shown by their increased ratios among grass-species. More 
f r equen t mowing increased the ra te of blue-grass (1). 
Materials and methods 
Between 1987 and 1989 we studied the ef fect of 3 and 6 mowings (with 60 a n d 30 days 
of regeneration, respect ively) , and that of N 150 and 300 kg/ha/year on dry and watered 
s tands in Debrecen, be tween 25th April and 25th September. The uniform a m o u n t of basic 
P 2 0 6 50, K 2 0 ferti l ization was 100 kg/ha/year over the whole exper iment . 
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The experiment was made in four parallels, in random block-design on plots of 28 m*. 
The soil in the experiment was chernozem of the plain-type, with lime-precipitation. Before 
starting the experiment the result of soil-analyses of the 0 - 2 0 cm layer were: p H (KCl) 7.3-7.5, 
soil-hardness according to Arany 36-37 , total salt percentage 0.02, CaC03 % 6 -10 , humus % 
1 .4-1 .6 ; nutrient supply in ppm: N 0 3 + N O , 4-6. Al-soluble P , 0 5 921-1190, K , 0 243-270, 
Mg 131-140, Zn 3 -5 and Cu 3-4. The soil in the experiment was supplied well with phosphorus 
and potassium and at a medium degree wi th humus, according to the categories of MÉM N A K 
(Hungarian Centres of Agrochemistry). The area was f la t land, 100 m above sea-level, and 
the water-plane was approximately 3 m below the surface. 
In the experiment, 34% ammonium-nitrate was used as N-fertilizer, distributed in 
3 and 6 equal doses. The first dose was dispersed on 25th March, then the other doses followed 
on the day after each mowing, according to the mowing schedule of 30 and 60 days. P-fertiliza-
t ion was made with 1 8 % grained superphosphate, while 6 0 % KCl was used for K-fertilization, 
bo th in a single dose in autumn. In the years of the experiment the annual precipitations were 
590, 541 and 576 m m , being 303, 304 and 434 in the vegetational period. The annual mean 
temperature values were 8.7, 8.6 and 9.1 °C (averages for 50 years were: 583 mm, 340 mm and 
10.0 °C). 
In watered plots sprinkling was applied 9 times a year with doses of 40 mm, altogether 
a total 360 mm of water. 
The stands were planted at the beginning of Summer, 1985, and the experiments were 
set up in Autumn, 1986. The species composition of the stand and the amount of seeds used 
were as follows: Festuca pratensis H U D S . — Szarvasi-54 12, Poa pratensis L. ssp. lat. — Szarva-
si-59 9, Festuca rubra L. ssp. genuina H A C K — Szarvasi-58 5, Dyclylis glomerala L. — Szarvasi-
51 3, Bromus inermis LEYSS — Szarvasi-52 4, Trifolium repens L. — Lovászpatonai-4 Lotus 
corniculatus L. — " G " 4 kg/ha. 
The results of the botanical survey were given as abundance percentages. The yield 
was measured in green form; the dry mat ter content was determined after the samples dried, 
and was expressed as the absolute value of the dry matter content. For the determination of 
macro- and microelements samples of 2 kg were taken at each mowing every year, using the 
average samples of treatments and parallels. The analyses were carried out according to the 
methods of MÉM N A K , using an ICP equipment, in the Central Laboratory of the University 
of Agricultural Sciences of Debrecen. On the basis of Laboratory data, weighted averages were 
calculated. 
The results were evaluated using statistical methods, analysis of variance and multi-
variate regression (Mundruczó 1981). 
Results and discussion 
Dry-matter yield, effectiveness 
On the basis of 3 years ' averages (Table 1) the increase of mowing fre-
q u e n c y from 3 t o 6 per year reduced the d ry m a t t e r yield — at different 
N-levels — b y 3 9 - 4 3 % in d ry s t ands and b y 2 9 - 3 6 % in wa te red s tands. 
The N 300 dose increased t h e yield b y 1 7 - 2 4 % in d ry s t ands and b y 
19—32% in wate red ones, as compared to the N 150 dose, with d i f fe ren t mowing 
frequencies. 
Watering, toge ther with 3 mowings, increased yields b y 3 5 - 3 8 % and 
w i t h 5 mowings b y 50-60% at N-levels on t he average of 3 years . 
According t o regression analyses (Table 6) the d r y - m a t t e r yield was 
de te rmined in t h e following r a t i o : b y N-fertilizer in 11%, by n u m b e r of mow-
ings in 53%, b y cul t iva t ion- type (watering) in 3 6 % , according to the following 
equa t ion : 
y = 10.41 + 0.017*! — 1.849*2 + 4.538*3 , R = 0.99 
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Table 1 
The effect of mowing frequency, N-dose, dry- and watered cultivation on the dry matter yield, 
on effectivity indices and on plant height. Debrecen, 1987-89 
(Basic fertilization: P 2 0 5 50 and K 2 0 100 kg/ha/year) 
Cultivation type Dry 
Number of mowings 3 6 LSD 
N kg/ha/year 150 300 150 300 5% 
Dry-matter yield 
t/ha 
% 
12.8 
100 
14.10 
117 
6.94 
57 
8.60 
71 
3.83 
31 
Effect % 
Mowing 
N-dose 
Watering 
100 
100 
100 
100 
117 
100 
57 
100 
100 
61 
124 
100 
Effectiveness indices 
Yield per 1 kg of N P K 
N P K substance per 1 t 
of yield 
40 
25 
31 
32 
23 
43 
19 
52 
Height of plant stand 
Annual, cumulated height, 
cm 131 
100 
153 
117 
93 
71 
114 
87 
39 
30 
Cultivation type Watered 
Number of mowings 3 6 LSD 
N kg/ha/year 150 300 150 300 5% 
Dry-matter yield 
t/ha 
% 
16.29 
100 
19.42 
119 
10.41 
64 
13.75 
84 
3.57 
22 
Effect % 
Mowing 
N-dose 
Watering 
100 
100 
135 
100 
119 
138 
64 
100 
150 
71 
132 
160 
Effectiveness indices 
Yield per 1 kg of N P K 
N P K substance per 1 t 
of yield 
54 
18 
43 
23 
35 
29 
31 
33 
Height of plant stand 
Annual, cumulated height, 
cm 166 
100 
192 
116 
125 
75 
159 
96 
39 
23 
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As shown b y indices of effectiveness the mos t effective t r ea tments were, 
fo r t he total yield: 3 times of mowing and N 150 kg/ha combined by either 
d r y or watered cult ivation, since t h e yields per 1 kg NPK fertilizer were 40 kg 
a n d 54 kg in d ry and watered stands, respectively. The a m o u n t of N P K 
mixed substance used for 1 t of yield is also t he most favourable in this com-
bina t ion of t rea tments , being 25 k g for dry s tands and 18 kg for watered ones. 
The distribution of dry-mat te r yields for each mowing and their seasonal 
changes are also shown in detail (Table 2). The difference between dry-matter 
yields of dry and watered s tands was lower in spring and ear ly summer, in 
f a v o u r of watered stands (being 3—23% and 32—33%, respectively). In green 
Table 2 
The effect of mowing frequency, N-dose, dry- and watered cultivation on the distribution of dry-matter 
yield of stands among mowings 
Debrecen, 1987-89 
(Basic fertilization: P 2 0 5 50 and K 2 0 100 kg/ha/year) 
Number of N 
mowings kg/ha/year 
IV. 25. 
D a t e and dry-matter yield at each mowing (t /ha) 
V . 25. VI. 25. V I I . 25. VIII . 25. IX . 25. 
150 
300 
150 
300 
0.99 
1.45 
Dry 
6.89 
7.91 
2.48 
2.79 
1.49 
1.86 
2.51 
3.23 
0.32 
0.39 
0.55 
0.67 
2.68 
2.96 
1.11 
1.44 
150 
300 
150 
300 
1.02 
1.56 
Watered 
6.96 
8.46 
2.86 1.98 
3.44 2.54 
4.68 
5.51 
1.46 
2.09 
1.57 
2.22 
4.65 
5.45 
1.52 
1.90 
Effect of watering on each mowing, % (Dry = 100%) 
3 150 - 101 - 186 — 174 
3 300 - 107 - 171 — 184 
6 150 103 115 132 456 285 137 
6 300 108 123 137 536 331 132 
crop the differences were higher. I n the summer period the yield-increasing 
ef fec t of watering was more expressed, resulting in the mult ifold increase of 
yields in Ju ly-Augus t , being 71—436%. In September this effect was already 
modera te (32-84%). The results show indirectly which is the period when it is 
worthwhile and useful to water t h e stands, in order to increase the yield and 
to make it more seasonally uni form. 
We have also calculated t he distribution of yield in each mowing. 
A more uniform distribution was obtained in watered stands (between 10 and 
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44%) than in dry ones (4-57%). With a frequency of 3 mowings the yield 
distribution was 21-57% in dry stands and 28-44% in watered ones. With a 
6-mowings' f requency there was a peak yield in May, being more t h a n half of 
the annual yield in dry stands (56-57%) and somewhat less in watered ones 
(43-44%). 
Plant-height in the stands 
The height of the grass s tand varied between 93 and 153 in dry ones and 
125-192 cm in watered ones (annual, cumulated value, Table 1). P l an t height 
was greater with 3 mowings, being 131-153 for dry stands and 166-192 for wa-
tered ones, at different N-Ievels. With 6 mowings heights were 93-114 cm in dry 
s tands and 125-159 in watered ones. The height-differences of N-levels are 
not reliable, while being a t the border of significance among mowing fre-
quencies. According to regression analysis (Table 6) height was determined 
— on an average of the experiments — equally by mowing frequency and 
b y cult ivation-type at a 41 -41% ratio, while the role played by the N-fer-
tilizer was 18%. 
The element-content and -yield of the stand 
With the mowing-frequency of 6 the element-content of the s tand was 
higher than with 3 mowings (by 23-57% relatively), the differences being 
significant for elements N, P, К and Ca (Table 3). The N, Ca, Mg and Cu con-
ten ts of the watered stand was lower (by 3 -26% relatively), hut the concent-
rat ions of P, К and Zn were relatively higher t han those of dry stands. 
The 300 kg/ha dose of N increased the N, K, Mg, Zn and Cu-contents, as com-
pared to the N 150 dose (by 6—25% relatively), while decreasing the P and 
Ca percentages for both dry and watered stands (by 5 -10% relatively); the 
difference is reliable in the case of the N-content. 
The (weighted) N-content varied between 1.62-2.82% for dry stands 
and between 1.27 and 2.31% for watered ones, depending on the N-dose and 
on mowing frequency. The N-percentage was 1.27-2.03 with 3 mowings, while 
being 2.00-2.84% with 6 mowings in dry and watered stands a t different 
N-levels. When a N-dose of 150 kg/ha was applied, the N-content of both 
dry and watered stands varied between 1.27 and 2.51% for different mowing-
frequencies, while the range was 1.50 to 2.84% with the N-dose of 300 kg/ha. 
The contents of other elements also varied according to a peculiar trend. 
The range of P-content was 0.20-0.35%, tha t of the K-content was 2.15-
3.24%, for Ca-content it was 0.38-0.65% and for Mg-content i t was 0.13-
0.24%. In various t rea tments the Zn-content varied between 14.1-27.7 ppm 
and the Cu-content was 6.1-10.8 ppm. 
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Table 3 
The effect of mowing frequency, N-dose4 dry- and watered cultivation on the element-content of the 
Cultivation type Dry 
Number of mowings 3 6 
N kg/ha/year ISO 300 150 300 
Element content, as % of dry matter (weighted) 
N % 1,62 2.03 2.51 2.84 
P % 0.21 0.20 0.30 0.28 
К % 2.15 2.27 2.67 2.84 
Ca % 0.45 0.42 0.65 0.62 
Mg % 0.17 0.18 0.21 0.24 
Zn ppm 14.1 15.8 21.2 22.9 
C u p p m 8.0 8.7 10.1 10.8 
Yields of macroelements, leg/ha 
N-yield 195.7 285.9 173.9 244.2 
P-yield 25.7 28.3 20.5 24.5 
K-yield 260.1 320.2 185.0 244.4 
Ca-yield 54.2 59.6 45.2 53.1 
Mg-yield 20.0 25.6 14.8 20.7 
As shown by regression-analyses (Table 6) the contents of different 
elements were determined by mowing frequency a t a 58-95% ratio, by culti-
vat ion- type at a 2 - 2 8 % ratio, while the contribution of N-fertilizer was 3 -10%. 
The yields of macroelements per hectare were calculated on the basis of 
yield and of weighted element-contents. The t rends of yields of elements 
differed from the contents of elements. At identical N-levels, when 3 mowings 
were made, the yield of elements was higher than with 6 mowings, except the 
N-yield of watered s tands at both N-levels and Ca-yield at N 300. The yield 
of elements of the watered stand per ha is usually higher than tha t of dry 
stands, sometimes even despite the decreased specific content of the given 
element. The N-dose of 300 resulted in higher yields of elements both in dry 
and in watered s tands . 
Table 4 shows t h e element content for each mowing in the vegetational 
period. The trends obtained for the annual surveys are valid here as well, 
but t h e detailed da t a have some fu r the r peculiarities. The N, Ca, Mg, Zn and 
Cu-contents showed a tendency to increase from spring till au tumn, in both 
dry and watered s tands , with every mowing-frequency and N-dose; the values 
of P and К decreased with dry cultivation, bu t increased with watering. 
The element-contents, either increasing or decreasing, were generally more 
uniform when watering was applied. 
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stand and on its yields of macroelements per ha Debrecen, 1987-89 
Watered 
LSD 3 6 LSD 
5% 150 300 150 300 5% 
0.21 1.27 1.50 2.00 2.31 0.10 
0.04 0.27 0.25 0.35 0.33 0.04 
0.26 2.44 2.65 3.01 3.24 0.20 
0.10 0.42 0.38 0.63 0.59 0.09 
0.07 0.13 0.15 0.17 0.21 0.03 
2.9 18.2 19.5 24.9 27.7 4.8 
1.4 6.1 6.9 8.8 9.6 1.3 
207.2 291.2 208.1 317.5 
43.8 48.5 36.8 45.3 
397.6 515.5 313.5 445.5 
68.2 73.8 65.9 81.5 
21.9 29.4 18.2 28.9 
The structure and species composition of the stand 
We evaluated the abundance percentages a t the end of the experiment. 
By increasing the frequency of mowing from 3 to 6 the ratio of grass species 
decreased in both the dry and the watered s tands (Table 5). Legumes could 
not compete in the stands as a result of higher N-dose and mowing frequency, 
even in the watering experiment. 
The changes of the structure of stands were definitely influenced by the 
mowing-frequency, in 87-95% according to regression-analysis (Table 6). 
The abudance of the impor tant grass species also varied. When mowing 
was carried out 3 t imes, the ratio of Poa pratensis decreased both in dry and 
in watered stands; the percentage of Dactylis glomerata in watered stands and 
the frequency of Bromus inermis in dry ones increased. The higher N-dose 
decreased the ratio of Poa pratensis in both dry and watered s tands, while 
increasing the ratio of Bromus inermis in the dry stand. The abudance per-
centage of Festuca pratensis decreased by the end of the experiment in both 
the dry and the watered experiment. According to the results of regression 
analysis (Table 6), the ratio of Poa pratensis was primarily determined by 
the mowing-frequency, while those of Dactylis glomerata and Bromus inermis 
were determined mostly by the cultivation methods, on the experimental 
average. 
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Table 4 
The effect of mowing frequency, N-dose, dry- and watered cultivation on the content of the main 
elements in the stand at each mowing 
Debrecen, 1987-89 
Cultivation type Dry Watered 
Number of mowings 
Elements 
N % 
P % 
К % 
Ca % 
Mg % 
Zn p p m 
Cu ppm 
.a/year 150 300 150 300 ISO 300 150 300 
Date Element content. ав % of dry matter 
IV. 25. 2.7 3.0 2.6 2.7 
V. 25. 1.4 1.9 2.3 2.6 1.1 1.5 1.6 2.1 
VI. 25. 2.3 2.6 1.8 2.0 
VII. 25. 1 . 6 2.0 2 . 6 2.8 1.3 1.4 2.2 2.3 
VIII. 25. 3.0 3.3 2.1 2.3 
IX. 25. 2.2 2.4 2.8 3.2 1.5 1.6 2.5 2.8 
IV. 25. 0.33 0.32 0.34 0.33 
V. 25. 0.21 0.21 0.30 0.29 0.24 0.23 0.32 0.32 
VI. 25. 0.28 0.27 0.34 0.27 
VII. 25. 0.18 0.16 0.25 0.25 0.28 0.26 0.36 0.32 
VIII. 25. 0.27 0.25 0.40 0.37 
IX. 25. 0.25 0.22 0.30 0.28 0.30 0.27 0.42 0.39 
IV. 25. 2.94 3.05 2.97 3.14 
V. 25. 2.19 2.20 2.77 2.83 2.47 2.62 2.88 3.15 
VI. 25. 2.71 3.05 3.03 3.14 
VII. 25. 2.10 2.52 2.40 2.48 2.25 2.78 3.03 3.21 
VIII. 25. 2.36 2.57 3.34 3.52 
IX. 25. 2.11 2.19 2.35 2.55 2.59 2.58 3.25 3.32 
IV. 25. 0.56 0.49 0.51 0.46 
V. 25. 0.33 0.32 0.48 0.44 0.29 0.29 0.44 0.41 
VI. 25. 0.66 0.62 0.61 0.55 
VII. 25. 0.56 0.52 0.77 0.70 0.49 0.43 0.68 0.61 
VIII. 25. 0.77 0.75 0.73 0.69 
IX. 25. 0.65 0.59 1.02 0.99 0.54 0.47 1.01 0.96 
IV. 25. 0.16 0.17 0.15 0.16 
V. 25. 0.12 0.14 0.17 0.19 0.10 0.12 0.13 0.19 
VI. 25. 0.22 0 .24 0.19 0.21 
VII. 25. 0.22 0.23 0.29 0.31 0.18 0.19 0.21 0.22 
VIII. 25. 0.30 0.33 0.18 0.22 
IX. 25. 0.23 0.24 0.28 0.35 0.14 0.16 0.23 0.27 
IV. 25. 24.1 22.8 31.2 31.4 
V. 25. 11.5 13.7 15.9 18.9 15.9 17.1 21.1 21.0 
VI. 25. 24.8 24.6 27.2 29.0 
VII. 25. 14.7 15.5 20.1 20.1 17.9 16.1 24.4 27.2 
VIII. 25. 21.2 22.6 25.6 30.0 
IX. 25. 20.3 21.7 25.7 29.1 21.9 26.8 27.2 32.8 
IV. 25. 10.8 11.1 10.7 10.8 
V. 25. 8.0 8.5 9.2 9.8 5.3 6.4 8.4 9.0 
VI. 25. 9.3 9.5 8.2 8.5 
VII. 25. 6.5 8.0 9.4 9.6 5.9 6.8 8.9 9.1 
VIII. 25. 9.8 10.1 8.8 9.7 
IX. 25. 9.5 9.9 12.9 14.7 7.4 7.9 10.0 11.6 
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Table 5 
The effect of mowing frequency, N-dose, dry- and watered cultivation on the structure of the stand 
and on the ratios of main grass species at the end of the experiment 
Debrecen, 1989. I X . 25. 
Cultivation type Dry Watered 
Number of mowings 3 6 LSD 
5% 
3 6 LSD 
5% N kg/ha/year 150 300 150 300 150 300 150 300 
Abundance percentages 
Structure of the stand, % 
Grasses 87 88 67 63 10 87 88 78 77 4 
Legumes 1 
— — — — 
2 
— — — — 
Weeds 5 3 30 32 10 3 3 19 20 4 
Nude area 7 9 3 5 1 8 9 4 3 1 
Ratios of the main grass species, % 
Poa pratensis 4 2 32 24 6 6 3 46 47 5 
Dactylis glomerata 20 10 29 29 6 75 78 23 23 10 
Bromus inermis 61 74 4 8 4 4 5 4 2 1 
Festuca pratensis 2 2 2 2 
— 
2 2 5 5 1 
Conclusions 
(1) The application of 3 mowings per year , as compared to 6 mowings, 
increased the dry-mat ter yield, the yields of elements per ha, b u t reduced t h e 
element content of the stand. 
(2) The N-dose of 300 kg/ha increased t he yield, the element-yield and 
the contents of N , K, Mg, Zn and Cu, but reduced the percentages of P and Ca, 
as compared to 150. 
(3) Water ing, as compared to dry cult ivation, increased yield, the yields 
of elements, t he concentration of P, К and Zn in the grass, b u t decreased t h e 
percentages of N, Ca, Mg and Cu. 
(4) The mowing frequency played the decisive role in determining t h e 
amount of yield, the contents and yields of minerals in the grass and the ra t ios 
of different p lan t species. 
(5) The yield and the element-content of the stand has a seasonal var ia-
tion. The contents of N, Ca, Mg, Zn and Cu increased from spring till a u t u m n , 
while the concentrations of P and К decreased in the dry s tand and increased 
in the watered one. Watering made the mineral-content of the stand more 
uniform. 
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Table 6 
Results of regression analysis 
Debrecen, 1987-89 
Dependent 
variables 
Equations and correlation values of multivariate regression 
± N-fertilizer 
X, 
± Number of 
mowings 
X , 
± Cultivation 
type 
X, 
The ratios of independent 
variables determined on 
the basis of multi-
determinant coefficients 
Number Cultiva-
.,.
 er
~ of mow- tion tilizer •
 m 
ings type 
Dry-matter 
yield t/ha 
У = 10.41 + 0 .017х, - 1 . 8 4 9 Х , + 4.538Х2 0.99 11 53 36 
Plant height 
cm 
У = 103.0 + 0.17Х] 1 2 . 5 8 x j + З7.75х3 0.99 18 41 41 
Element content 
N % 
У = 1.04 + 0 .002xj + 0.27Х. — 0.48х3 0.99 10 67 23 
P % У = 0.098 — O.OOOlxj + 0 . 0 2 8 х . + 0.053х3 0.99 3 69 28 
к % 
У 
1.01 + 0 .001х, + 0 . 1 8 8 х . + 0 . 3 5 3 х 3 0.99 7 67 26 
Ca % 
У = 0.31 - 0 .0002xj + 0 .068х 2 —О.ОЗх3 0.99 3 95 2 
Mg % 
У = 0.12 + 0 .0002х] + 0 . 0 1 2 x ä —0.035х3 0.99 14 58 28 
Zn ppm 
У = 0.70 + 0 .013х] + 2.43Х2 + 4.08х3 0.99 5 72 23 
Cu ppm 
У = 6.22 + 0 .005х, + 0 .80х г — 1.55х3 0.99 6 66 28 
Structure of the stand and main grass species, % 
Grasses 
У = 95.5 — 0.005Х4 — 5.42х 2 + 6 . 2 3 Х , 0.94 0 87 13 
Weeds 
У = - 9 . 2 5 + 0.0017Х4 + 7 .25Х 2 — 6.25х3 0.97 0 92 8 
Nude area 
У = 11.25 + 0 .0067х , — 1 .5Х 2 - 0.0х3 0.96 5 95 0 
Poa 
pratensis 
У -
- 4 0 . 2 5 — 0 .02х , 1 11.17Х2 + lO.Oxj 0.97 1 91 8 
Dactylis 
glomerata 
У = 26.5 — 0 .012xj — 6.58Х 2 + 2 7 . 8 х 3 0.71 0 34 66 
Bromus 
inermis 
У = 111.0 + 0.027Х, — 10.50Х2 —ЗЗ.Ох3 0.83 1 47 52 
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Data f r o m a uniformity trial on wheat were collected and ana lysed from 1152 
basic unit p lo t s in each of 3 seasons. Each basic uni t was 4 m long and 1 m wide. Esti-
mates of o p t i m u m size of plots were obtained for the 3 seasons using average costs and 
individual va lues of Smith's soil heterogeneity index . These were 14.8, 18.3 and 7.6 
basic units w i t h an average va lue of 13.6 basic un i t s (54.4 m2) for unguarded plots. 
For guarded plots the est imates were 12.1, 15.0 and 6.2 basic units , w i t h an average 
value of 11.1 basic units (44.4 m 2 ) . 
The shapes of the plots were not s ignif icantly different but , in general, long 
narrow plots were less variable. For blocks of all sizes, plots should he placed side b y 
side so as to h a v e compact blocks. 
Keywords: heterogeneity index , plot size, uni formity trial 
Introduction 
I n Sudan, sorghum and w h e a t are the two main stample crops. Whea t is 
grown excessively in the central plains where t h e Gezira Research Sta t ion is 
s i tua ted . There is a high demand for exper imenta t ion on all agronomic and 
breeding aspects of t he crop. In o rder to carry ou t these exper iments efficiently, 
t he op t imum plot size and shape should be de termined. This un i fo rmi ty t r ia l 
was conducted to achieve this goal. 
Smi th (1938) developed an empirical law to relate soil he terogenei ty t o 
p lo t size and shape . This law re la tes Vx the var iance among plots X basic 
un i t s to V v the var iance among plots of one basic unit , via b, a soil hetero-
genei ty index, v iz : 
w 
where 0 < b < 1. 
The value of b is est imated b y regressing log Vx on log X. Smi th suggested 
a simple weighting of variances b y their respective degrees of f r eedom. Several 
o the r computa t iona l procedures were proposed. Koch and Rigney (1951) used 
exper imenta l d a t a to est imate b ins tead of un i fo rmi ty data . H a t h e w a y and 
* Present address: P .O. B o x 5834 Safat 
Postal Code 13059 Safat, Kuwai t . 
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Williams (1958) suggested a weighted least es t imate for Smith 's b. Federrer 
(1955) developed a weighted es t imate where the weights were e lements in-
versely proport ional t o t h e variances. Pearce (1955) proposed the inclusion in 
Smi th ' s model of a t e r m , independent of the character is t ics of t he f ield, to 
account for the var ia t ion between p lan ts . 
Modjeska and Rawl ing (1983) indicated t h a t t h e fundamenta l problem 
in determining plot size in field trials was t h a t spat ial ly associated exper imenta l 
uni t s t end to give corre la ted responses in p lant g rowth due to the i r share of 
microenvironmental fac tors . They argued t h a t because of this posi t ive cor-
relat ion it was less ef f ic ient , as far as t r e a t m e n t comparisons were concerned, 
to increase plot size b y a given number X uni ts t h a n t o use an equal number 
of independent uni t s and t h a t Xb in Smith ' s model could be regarded as the 
effective number of independent un i t s in a plot of size X. 
For the purpose of this paper , t h e value of b was calculated b y using 
Smith ' s weighted analysis , where the weights were t h e number of degrees of 
f reedom associated wi th each variance. Then the o p t i m u m plot size, X , defined 
as t h a t area for which t h e cost per un i t of in fo rmat ion is min imum (Zuhike 
and Gr i t ton 1969), was calculated for unguarded p lo ts from the equa t ion : 
X= b K (2) 
( 1 - 6 ) * , 
while t h a t for guarded plots was calculated f rom t h e equat ion: 
x = bjk. + k.A)  
( 1 - 6 ) (K2 + KgB) 
where: 
6 = the coeff ic ient of soil heterogenei ty , 
fej = the cost per plot, 
k2 = the cost pe r un i t area of t e s t area, 
kg = the cost per uni t area of t e s t area, 
A = end guard area, 
В = rat io of side guards to tes t area. 
Materials and methods 
In this experiment wheat was grown in an area of 2.5 feddans (2.585 acres) at the 
Gezira Research Farm, Sudan. In performing the agricultural operations, the Gezira Station 
standard field practise was followed. This experiment was repeated for 3 seasons. The repetition 
had these purposes: 
(a) to cover a large area of the farm, 
(b) to get a reasonable mean estimate of the costs involved, and 
(c) to account for the climatic effects. 
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At harvest the guards were removed leaving a net area of 96 metres long X 48 metres 
wide. These were divided into basic unit areas of 4 m X l m wide, giving 1152 basic units. 
Each unit was harvested separately and the produce placed into large sacks which were tagged. 
Then the heads were threshed and grain y ie ld for each basic unit was weighted and recorded 
separately. These were combined to give the yields for different shapes and sizes of plots. 
In order to calculate the yield in the case of guarded plots, for each shape and size 
considered, 4 meters between plots end to end and 0.5 in at each side of the plots were discarded. 
For both guarded and unguarded plots , the variances among plots of X basic units, 
V(x), were computed in the usual way, while the variance per basic unit area, Vx, w a s calculated 
from the equation: 
V - Ш 
* - X- • 
The comparable variance V was calculated as: 
The coefficient of variation, C.V., was given as: 
100 f v C.V. 
mean (on a per unit basis) 
The coefficient of soil heterogeneity, b, was calculated and the differences between 
plot shapes having the same number of basic units were tes ted for significance b y comparing 
their comparable variance, V, applying Bartlett 's Chi-square test of heterogeneity. 
Results and discussion 
Table 1 shows t he expressions of yield variation for various p lo t sizes and 
shapes for both guarded and unguarded plots for t he third season, whereas 
Tables 2 and 3 show the coefficient of variation for unguarded and guarded 
plots respectively. F r o m these tables, it is generally t rue that t h e variance 
per basic unit area as well as the coefficient of var ia t ion are lowest for long, 
narrow plots and highest for short, wide plots. The coefficient of var iat ion for 
unguarded plots ranged from 24.7 for a plot of one basic unit in size, to 12.3 
for plot size of 48 basic units. For guarded plots i t ranged from 23.9 for a plot 
of one basic unit, to 12.6 for a plot of 40 basic units in size. This would indicate 
tha t the direction of greatest soil var ia t ion was paral lel to the length of plots, 
Keller (1949). However, this indication was confirmed by examining a moving 
average for the yields. 
Values of variance per basic un i t areas were used to e s t ima te b. The 
est imate for the third season was 0.40. For the f i rs t and second seasons similar 
results as shown above were obtained but were no t shown here for the sake 
of space saving. However, the est imates of b were 0.56 and 0.62 fo r the first 
and second seasons respectively. 
The average costs for the 3 seasons were: 
Aq = Ls 0.083 (Ls 1 = S 1.200 approx.), per plot , 
k2 = Ls 0.007 per sq. m. and 
kg = Ls 0.011. 
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Thus using equat ion (2), t he opt imum size for unguarded plots for the 
3 seasons were 14.8, 18.3 and 7.6 basic units respectively with an average value 
of 13.6 basic units. 
As for guarded plots A = 8 sq. m. and В — 1.00, therefore, using equa-
t ion (3), the opt imum plot sizes for t h e 3 seasons in succession were 12.1, 15.0 
and 6.2 basic units wi th an average value of 11.1 basic units. 
These discrepancies between t he optimum plot sizes are due to the 
difference between the soil heterogeneity values for first season a n d those of 
the second and th i rd seasons. The t r ia l was conducted in the southern part of 
the f a r m in the f i r s t and second seasons and in t h e northern p a r t during the 
th i rd season. So, these differences are a reflection of the fert i l i ty pat tern in 
these sites of the research farm. However, Wiedemann and Leininger (1963) 
showed tha t the range for b f rom 0.4 to 0.7 would indicate a soil of average 
uni formi ty . This description appears to suit our case. 
The variation within qlocks of different shapes and sizes has been exam-
ined for blocks consisting of 4, 8 and 16 plots. The comparisons, Table 4, are 
given in terms of t he standard error of a t rea tment mean. 
From this table it is clear t h a t , irrespective of the arrangement of plots, 
small plots have smaller s tandard errors than do large ones. I t might be ad-
visable to avoid arranging the p lo ts end to end within blocks, so that the 
blocks become long and narrow. The arrangement of single plots or pairs of 
plots side by side seems to be reasonable. H o d n e t t (1952), working with 
groundnuts , reached the same conclusion. 
The comparable variances of each size, for all possible shapes, showed no 
significance, when tested for heterogeneity. The ma in reason for t he decrease 
in variance could be considered as a result of t h e increased size of plots. 
Thus , i t appears t h a t the estimated optimum size of 13.6 basic un i t s (54.4 m2) 
for unguarded plots and 11.1 basic units (44.4 m2), test area, fo r guarded 
plots, can be arranged in any convenient way. 
The pat tern of variability for unguarded as well as guarded plots, of 
equal area, was similar. This agrees with the conclusion of Smith (1938) that , 
if P guarded plots of a given size excluding guards occupy t he same total 
area as P ' unguarded plots of t he same size, t hen the variance within blocks 
will be equal. Hodne t t too arrived a t this result. 
I t is worth mentioning here Smith's (1938) finding t ha t fo r b = 0.5, 
efficiency is 96% if plots are double or half the optimum size, 8 0 % if plots 
are quadruple or quar ter op t imum size, and t h a t the value of b does not 
great ly effect these estimates in t h e region of a quarter to four times the 
op t imum size. 
Therefore, i t appears t ha t unguarded plots of 6.8 to 27.2 basic units 
are 9 6 % efficient while for those between 3.4 and 6.8 and be tween 27.2 and 
54.4 basic units, t he efficiency is 8 0 % . Similarly, guarded plots of size 5.6 to 
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Table 1 
Expressions of wheat yield variation for various plot shapes and sizes 
Shape 
L x W* 
Ш Х ' 
N o . of 
basic 
u n i t s 
U n g u a r d e d P l o t s 
Tota l V a r i a n c e Compar-
No. of of bas ic able va-
plo ts un i t a r e a r iance 
Cf V 
% 
Total 
No . of 
plots 
Gua rded P l o t s 
V a r i a n c e 
of b a s i c 
u n i t a r e a 
Compar-
able 
variance 
Cf v % 
4 X 1 1 1152 .077 .077 24.7 240 .070 .070 23.9 
4 x 2 2 576 .053 .107 20.6 180 .063 .127 22.6 
8 x 1 2 576 .054 .109 20.8 160 .037 .075 18.8 
4 x 3 3 384 .048 .145 19.5 144 .046 .138 19.6 
1 2 x 1 3 384 .046 .138 19.1 120 .029 .088 15.5 
4 x 4 4 288 .041 .167 18.2 120 .048 .194 19.9 
8 x 2 4 288 .039 .157 17.6 120 .041 .165 19.2 
1 6 x 1 4 288 .039 .159 17.8 100 .028 .112 15.1 
2 0 x 1 5 000 .000 .000 00.0 80 .022 .112 13.9 
4 X 6 6 192 .039 .235 17.6 00 .000 .000 00.0 
8 X 3 6 192 .035 .214 16.8 96 .026 .161 15.7 
1 2 x 2 6 192 .031 .191 15.9 90 .032 .197 16.2 
4 x 8 8 144 .035 .287 16.8 72 .041 .333 18.5 
1 8 x 4 8 144 .030 .247 15.6 80 .031 .248 16.8 
1 6 x 2 8 144 .028 .228 15.0 75 .032 .260 15.9 
1 2 x 3 9 128 .029 .265 15.2 72 .023 .214 13.9 
4 x 1 0 10 000 .000 .000 00.0 60 .042 .420 18.4 
2 0 x 2 10 000 .000 .000 00.0 60 .028 .285 15.4 
4 x 1 2 12 96 .034 .409 16.4 00 .000 .000 00.0 
8 x 6 12 96 .029 .350 15.2 00 .000 .000 00.0 
1 2 x 4 12 96 .024 .299 14.0 60 .023 .283 13.7 
1 6 x 3 12 96 .026 .320 14.5 60 .023 .277 8.9 
4 x 1 3 13 00 .000 .000 00.0 48 .038 .505 17.9 
2 0 x 3 15 00 .000 .000 00.0 48 .019 .296 13.0 
8 x 8 16 72 .026 .429 14.5 48 .025 .403 15.1 
1 6 x 4 16 72 .022 .361 13.3 50 .024 .388 13.9 
1 2 x 6 18 64 .023 .419 13.5 00 .000 .000 00.0 
8 x 1 0 20 00 .000 .000 00.0 40 .030 .619 16.8 
2 0 x 4 20 00 .000 .000 00.0 40 .020 .407 13.1 
8X12 24 48 .025 .619 14.3 00 .000 .000 00.0 
12X8 24 48 .020 .497 12.7 36 .020 .481 12.7 
1 6 x 6 24 48 .021 .517 13.0 00 .000 .000 00.0 
8X13 26 00 .000 .000 00.0 32 .023 .603 14.7 
1 2 x 1 0 30 00 .000 .000 00.0 30 .020 .611 12.8 
1 6 x 8 32 36 .019 .634 12.5 30 .020 .642 12.7 
1 2 x 1 2 36 32 .019 .715 12.5 00 .000 .000 00.0 
1 2 x 1 3 39 00 .000 .000 00.0 39 .019 .766 12.7 
1 6 x 1 0 40 00 .000 .000 00.0 40 .021 .852 13.0 
20X8 40 00 .000 .000 00.0 40 .018 .743 12.5 
1 6 x 1 6 48 16 .019 .923 12.3 00 .000 .000 00.0 
* L 
W 
= length in 
= width in 
meters, 
ridges. 
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Table 2 
Coefficient of variation per basic unit area for unguarded wheat 
Length 
(1 unit — 
- 4 m) 
Width (1 unit = 1 m) 
l 2 3 4 6 8 12 
1 24.7 20.7 19.6 18.2 17.7 16.9 16.5 
2 20.8 17.7 16.8 15.9 15.1 14.6 14.3 
3 19.1 15.6 15.3 14.1 13.6 12.8 12.6 
4 17.8 15.2 14.6 13.4 13.1 12.6 12.3 
Table 3 
Coefficient of variation per basic unit area for guarded wheat 
Length 
(1 unit -
- 4 m) 
Width (1 unit - 1 m) 
1 2 3 4 8 10 13 
1 23.9 22.6 19.7 20.0 18.5 18.5 18.0 
2 18.8 19.3 15.7 16.9 15.2 16.9 14.8 
3 15.5 16.2 14.0 13.8 12.8 12.8 12.7 
4 15.1 16.0 8.9 14.0 12.7 13.0 12.4 
5 13.9 15.5 13.0 13.2 12.6 12.7 12.3 
22.2 basic uni ts are 96% efficient, while those between 2.8 and 5.6 and 'between 
22.2 and 44.4 basic units are 80% efficient . 
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Table 4 
Standard error of mean yield of wheat for treatments arranged in randomized blocks 
( Unguarded plots) 
No. of д ; ,
е
 f j„
 0 f N o . of N o . of Plots End to End in Blocks 
M . x R . reps baric  
ments units 1 2 4 
4 4 x 2 144 2 0.026 0.029 0.031 0.000 
8 4 X 2 72 2 0.038 0.041 0.045 0.043 
16 4 x 2 36 2 0.000 0.060 0.063 0.063 
4 8 x 1 144 2 0.030 0.031 0.028 0.000 
8 8 X 1 72 2 0.041 0.045 0.043 0.000 
16 8 x 1 36 2 0.059 0.063 0.064 0.000 
4 4 x 3 96 3 0.043 0.049 0.052 0.000 
8 4 x 3 48 3 0.062 0.071 0.077 0.072 
16 4 x 3 24 3 0.079 0.101 0.111 0.108 
4 1 2 x 1 96 3 0.051 0.053 0.045 0.000 
8 1 2 x 1 48 3 0.071 0.770 0.069 0.063 
16 1 2 x 1 24 3 0.109 0.107 0.103 0.098 
4 4 x 4 72 4 0.058 0.068 0.076 0.000 
8 4 x 4 36 4 0.000 0.098 0.107 0.000 
4 8 x 2 72 4 0.060 0.071 0.064 0.000 
8 8 x 2 36 4 0.090 0.099 0.098 0.000 
16 8 x 2 18 4 0.000 0.148 0.142 0.000 
4 1 6 x 1 72 4 0.071 0.066 0.000 0.000 
8 1 6 x 1 36 4 0.097 0.101 0.000 0.000 
16 1 6 x 1 18 4 0.142 0.141 0.000 0.000 
4 4 x 6 48 6 0.101 0.116 0.135 0.000 
8 4 x 6 24 6 0.161 0.172 0.190 0.183 
16 4 x 6 12 6 0.000 0.222 0.283 0.267 
4 8 x 3 48 6 0.102 0.122 0.108 0.000 
8 8 x 3 24 6 0.148 0.175 0.167 0.000 
16 8 x 3 12 6 0.177 0.251 0.247 0.000 
4 1 2 x 2 48 6 0.104 0.118 0.102 0.000 
8 1 2 x 2 24 6 0.156 0.165 0.153 0.133 
16 1 2 x 2 12 6 0.000 0.246 0.222 0.210 
4 4 x 8 36 8 0.000 0.175 0.197 0.000 
8 4 x 8 18 8 0.000 0.286 0.271 0.000 
4 8 x 4 36 8 0.135 0.165 0.157 0.000 
8 8 x 4 18 8 0.000 0.245 0.230 0.000 
16 8 x 4 9 8 0.000 0.000 0.355 0.000 
4 1 6 x 2 36 8 0.143 0.145 0.000 0.000 
8 1 6 x 2 18 8 0.221 0.209 0.000 0.000 
4 1 2 x 3 32 9 0.186 0.204 0.161 0.000 
8 1 2 x 3 16 9 0.270 0.293 0.262 0.226 
16 1 2 x 3 8 9 0.319 0.430 0.393 0.364 
4 4 x 1 2 24 12 0.176 0.316 0.355 0.000 
8 4 x 1 2 12 12 0.000 0.392 0.523 0.485 
16 4 x 2 6 12 0.000 0.000 0.700 0.744 
4 8 x 6 24 12 0.061 0.073 0.137 0.000 
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Table 4 (cont'd) 
N o . of 
treat-
ment 
S ize 
M . x R . 
No. of 
reps 
N o . of N o . of Plots End t o End in Blocks 
uni te l 2 4 8 
8 8 x 6 12 12 0.068 0 . 1 1 1 0.202 0 . 0 0 0 
16 8 x 6 6 12 0 . 0 0 0 0.285 0.318 0 . 0 0 0 
4 1 2 x 4 24 12 0 . 0 0 0 0.136 0.057 0 . 0 0 0 
8 1 2 x 4 12 12 0 . 0 0 0 0.101 0.085 0.075 
16 1 2 x 4 6 12 0 . 0 0 0 0 . 0 0 0 0.136 0.116 
4 1 6 x 3 24 12 0.258 0.245 0 . 0 0 0 0 . 0 0 0 
8 1 6 x 3 12 12 0.377 0.373 0 . 0 0 0 0 . 0 0 0 
16 1 6 x 3 6 12 0.430 0.559 0 . 0 0 0 0 . 0 0 0 
4 8 X 8 18 16 0 . 0 0 0 0.452 0.102 0 . 0 0 0 
8 8 x 8 6 16 0 . 0 0 0 0.717 0 . 0 0 0 0.416 
16 8 x 8 3 16 0 . 0 0 0 0 . 0 0 0 0.563 0.704 
16 1 6 x 4 3 16 0,809 0 . 0 0 0 0.782 0 . 0 0 0 
4 1 2 x 6 16 18 0.453 0.468 0.373 0 . 0 0 0 
8 1 2 x 6 8 18 0.494 0.742 0.568 0.494 
16 1 2 x 6 4 18 0 . 0 0 0 0.913 0.982 0.720 
4 8 x 1 2 12 24 0.380 0.836 0.731 0 . 0 0 0 
8 8 x 1 2 6 24 0 . 0 0 0 1.029 0.012 0 . 0 0 0 
4 1 2 x 8 12 24 0 . 0 0 0 0.715 0.505 0 . 0 0 0 
8 1 2 x 8 6 24 0 . 0 0 0 0 . 0 0 0 0.895 0.637 
4 1 6 x 6 12 24 0.639 0.534 0 . 0 0 0 0 . 0 0 0 
8 1 6 x 6 6 24 0.666 0.939 0 . 0 0 0 0 . 0 0 0 
4 1 6 x 8 6 32 0.677 0.679 0 . 0 0 0 0 . 0 0 0 
8 1 6 x 8 3 32 1.386 1.252 0 . 0 0 0 0 . 0 0 0 
4 1 2 x 1 2 8 36 0.633 1.304 0.792 0 . 0 0 0 
8 1 2 x 1 2 4 36 0 . 0 0 0 1.471 1.586 0.091 
16 1 2 x 1 2 2 36 0 . 0 0 0 0 . 0 0 0 1.839 2.231 
4 1 6 x 1 2 6 48 0.919 1.591 0 . 0 0 0 0 . 0 0 0 
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W A T E R U S E E F F I C I E N C Y OF P E A R L M I L L E T 
(PENNISETUM AMERICAN U M L. L E E K E ) 
G E N O T Y P E S U N D E R MID-SEASON M O I S T U R E S T R E S S 
A m a r e n d r a N . M l S R A 
DEPARTMENT OF BOTANY, U T K A L UNIVERSITY, B H U B A N E S W A R , I N D I A 
(Rece ived: 2 April, 1990; accepted: 16 J u l y , 1990) 
Yield and water use eff iciency of pearl millet g e n o t y p e s were s igni f icant ly affected 
b y genotype, irrigation and their interact ions. Irrigation at 25 DAS* and 37 DAS with 
or without an addit ional irrigation a t 45 DAS showed s ignif icant increase in yield and 
water use e f f ic iency. Yield was pos i t ive ly associated w i t h leaf area, L A I , productive 
tillers, days to anthes i s and days t o grain maturat ion under irrigation conditions. 
However , both y ie ld and water use ef f ic iency of the genotypes were nega t ive ly cor-
related (r = —0.99, P <; 0.05) wi th t h e productive t i l lers. Water use e f f i c i e n c y under 
irrigation showed pos i t ive association w i t h yield, product ive tillers and d a y s to anthesis. 
Improvement of y ie ld and water use ef f ic iency in irrigated pearl millet crop could be 
due to an increased number of product ive tillers maturing synchronously w i t h the main 
cu lm due to prolonged vegetat ive period. 
Keywords: grain yield, irrigation, mid-season moisture stress, pearl millet, 
(Pennisetum americanum L. Leeke), water-use eff iciency 
Introduction 
Pear l millet is grown extensively in arid and semiar id tropics as a rainfed 
crop (Misra 1986, 1987, 1990, Misra a n d Misra 1990). T h e severity of environ-
menta l inpu t s limits t h e yield of the crop (Misra 1987). Higher yields in pearl 
millet could be obta ined by improved breeding a n d management practices 
(Ferraris 1973). High yield potentials of crop varieties unde r adequate manage-
ment conditions depend upon the ful l advantage of good moisture conditions 
(Quizenberry 1982). Shor t periods of d rought , met f r equen t ly at cri t ical growth 
stages of pearl millet, reduce yield considerably (Misra and Misra 1990). 
Significant gains in gra in yield and W U E could be expected in pea r l millet 
(Kanemasu et al. 1984). Pearl millet genotypes can withstand m e d i u m to 
modera te drought condi t ions during seedling stage (Misra 1990). However, 
severe growth and yield variat ions were observed du r ing mid-season moisture 
stress (Bidinger et al. 1982). Reports on t h e water use efficiency of pea r l millet, 
which u l t imate ly de termines yield of a rainfed crop unde r variable moisture 
conditions, are meagre. Fur the r , no r epor t is available on the pa t t e rn of water 
* Abbreviat ions: D A S , d a y s after sowing; L A I , leaf area i n d e x ; W U E , water use eff iciency 
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use eff iciency and gra in yield unde r various mid-season moisture stress. In the 
presen t s tudy, t he grain yield: w a t e r use eff ic iency of high-yielding pearl 
mil let varieties u n d e r variable mid-season soil mois ture conditions are reported. 
Materials and methods 
Field experiments with 3 pearl mi l let (Pennisetum americanum L. Leeke) genotypes 
M B H 1 10, WCC 75 and RCB 2 as main plots and 5 soil moisture (irrigation and rain fed con-
di t ions) as sub-plots of 3 x 4 m2 with row to row distance of 50 cm and average spacing of 
p lants at 12-15 cm, was conducted at Agricultural Research Station, Durgapura, Jaipur. 
F a c h irrigation of 50 m m was provided as shown in Table 2. The climatic data of the experi-
menta l site is shown in Table 1. The crop was sown on July 20, 1985. Basal doses of nitrogen 
as urea 20 kg-ha^ 1 and phosphate as super phosphate 30 kg ha 1 was ploughed under the 
seeds. Insecticides such as nematocide Th imet 25 kg h a - 1 were drilled below the seeds to avoid 
seedling damage by nematodes during the crop establishment. Weeding was done manually 
at 20 and 35 days after sowing (DAS). A split application of nitrogen was applied to the crop 
10 k g - h a - 1 after each weeding. Grain yie ld and water use efficiency were calculated on the 
basis of individual plants , keeping the plant population at 16 plants m ~ 2 in each subplot 
during the weeding processes. Total water use efficiency w a s calculated as the cumulative 
irrigation and rain fall moisture availability to the plots per unit mass of grain yield. Analyses 
of variance were done for main plot genotypes and subplot irrigation treatments as split 
plot design with 3 replications in each subplot . 
Table 1 
Climatic data during crop growth period 
Standard Rainfall, Relat ive humidity % Temperature, °C 
Minimum Maximum Minimum Maximum 
July 
III. 21.04 81 89 22-26 27-34 
IV. 30.06 69 84 23-26 30-34 
August 
I. 112.03 74 98 23-27 27-33 
II. 51.06 88 89 23-26 29-34 
III. 51.06 88 99 23-26 31-34 
IV. 0.80 60 82 21-26 31-33 
September 
I. 0.0 63 79 21-25 30-34 
II. 0.0 41 70 21-25 30-36 
III. 4.2 48 79 21-25 33-37 
IV. 0.2 37 90 21-25 32-37 
October 
I. 5.0 37 96 20-24 23-37 
II. 10.0 73 96 18-23 23-29 
III. 0.0 33 72 14-19 31-33 
IV. 0.0 33 47 14-17 31-33 
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Table 2 
Irrigation schedule and respective periods of stress imposed on pearl 
millet crop. All the genotypes flowered from 41-45 days and matured 
within 54 to 59 days. The boot leaf emergence was at 25-27 days 
Treatments Irrigation schedule Stress intervals 
U Rainfed (no irrigation) 25 D A S to 45 DAS* 
h 45 DAS 25 D A S and 37 DAS 
h 25 DAS and 45 D A S 37 D A S 
h 25 DAS and 37 D A S 45 D A S 
U 25 DAS, 37 DAS and 45 DAS No stress 
* DAS: days after sowing. 
Results and discussion 
D r o u g h t stress dur ing the vege t a t i ve period is less damaging t o pearl 
millet grain yield t h a n a t later g rowth stages (Misra and Misra 1990). Mid-
season mois ture stress, between late vegeta t ive or ea r ly reproduct ive t o grain 
filling s tage , results in a greater risk t h a n drought i n j u r y (Bidinger e t al . 1982). 
The crop growth period during t he 1985 monsoon season met w i t h such a 
stress per iod (Table 1) leading to a r e t a rded growth a n d reduction in yield. 
However, irrigation schedules during b o o t leaf emergence, flowering a n d post-
flowering stages to overcome these l imi ta t ions to increase yield, showed tha t 
pre-f lowering (13) and regular i r r igat ion (14 during t h e mid-season moisture 
stress could significantly increase t h e yield in all t h e genotypes, v a r y i n g in 
their yield potentials (Table 3). T h e hybrid va r i e ty MBH 110 w a s geno-
typical ly superior to t h e composites WCC 76 and R C B 2 under r a i n f e d and 
variable moisture condit ions. The g ra in water use ef f ic iency carried similarly 
with yield (Table 3). T h e water use eff iciency was significantly h ighe r in 13 
and 14, compared to ra in fed condit ions. However, t h e W U E decreased signi-
f icant ly wi th stress a t 25d through 45d . This might be due to a prolonged 
period of moisture l imi ta t ion , severely hampering g r o w t h and deve lopment of 
the crop and grain. S ivakumar et al. (1981) showed t h a t regular i r r iga t ion at 
lOd in te rva l s produced t h e highest pea r l millet yield. T h i s t rea tment is similar 
to 14. 
D a n c e t t e (1978) repor ted tha t , u n d e r marginal w a t e r supply condit ions, 
the W U E increased in millets wi th less water use. However, subs tan t ia l 
differences in W U E have been repor ted in pearl millet in response t o irr igat ion 
( Ibrahim et al. 1985). T h e relationship between crop growth, yield a n d water 
use eff ic iency is shown b y a regression analysis in Tab le 4. Under irrigation 
t r ea tmen t s , the grain yield showed a significant posi t ive correlation w i th leaf 
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Table 3 
Grain yield and water use efficiency of pearl millet genotypes as affected 
by irrigation treatments 
Irrigation / 
Grain yield, mg plant" —1 
Treatment 
Water 
mg (1 
use efficiency 
nm p l a n t ) - 1 Treatment 
Genotypes 
MBII n o WCC 75 RCB 2 
mean 
M B H n o WCC 75 RCB 2 
mean 
I» 20.20 12.90 12.0 15.03 112 72 67 83 
L 19.43 9.23 13.13 13.93 92 44 62 66 
L 24.77 13.80 17.07 18.55 102 57 70 76 
L 29.07 18.43 22.27 23.26 120 76 92 96 
L 32.10 25.53 33.47 30.37 117 93 107 106 
Varietal 
mean 25.12 15.98 15.59 20.23 109 68 80 86 
LSDâ% 
Irrigation 
Variety 
Interaction 
4.07 
3.57 
7.07 
12 
8 
19 
Table 4 
Correlation coefficient (r) values between yield, water 
use efficiency and plant growth, phenology and yield 
contributing factors 
Yield Water use 
g . p l a n t - 1 efficiency 
Irrigation 
Leaf area, 75d 0.94* 0.85 
LAI, 75d 0.91* 0.73 
Productive tiller 0.93* 0.97* 
Anthesis, days 0.95* 0.92* 
Grain maturation, days 0.95* 0.81 
Yield, g - p l a n t - 1 - 0.92* 
Variety 
Productive tiller - 0 . 9 9 * 0.99* 
Yield, g-plant"1 - 0.99* 
* Significant at P ^ 0.05 level. 
area, LAI at ma tu r i t y , productive tillers, days to anthesis and grain matura-
t ion. However, t he varietal yield showed a negat ive correlation with produc-
t ive tillers, suggesting that the h igh tillering hab i t is not a desirable character 
under variable moisture conditions for genotypic improvement in pearl millet, 
a l though genetically a high tillering potential could favour higher yield under 
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favourab le soil mois ture conditions. The water use efficiency h a d positive 
correlat ion with product ive tillers, d a y s to anthesis and yield of pear l millet 
crop u n d e r different moisture ava i lab le conditions. However, t h e genotypic 
W U E h a d negative correlations w i t h productive tillers and a posi t ive cor-
relat ion wi th grain yield. 
These results suggest tha t t h e productive t i l lers are major de terminants 
of crop yield and W U E in pearl mi l le t . The va r i e t a l improvement under a 
ra infed cropping p a t t e r n , however, must depend upon the lower tillering 
habi t which can improve yield a n d W U E (Egharevba 1977): T h e tillers con-
t r i bu t e less to to ta l yield, but increase the evapora t ive surface to a large 
ex t en t . Thus, under variable mo i s tu r e conditions, they could lead to an 
adverse relationship w i th yield, and W U E . To the cont ra ry , increased moisture 
avai labi l i ty increased t h e product ive potential of t h e non-synchronous tillers. 
The developmental plast ici ty of t he se tillers con t r ibu ted to pear l millet yield 
when irr igated in t h e pre- through post-anthesis per iod , avoiding mid-season 
mois ture stress. 
Under irrigated conditions, t h e factor of d a y s to anthesis also plays a 
s ignif icant role in determining yield and WUE. As boo t leaf t h r o u g h anthesis 
stage determines t he potent ia l n u m b e r of Kernels of the ma ins tem and early 
tillers (Maiti and Bidinger 1981), adequa te mois ture availability might lead 
to a significant increase in the p ro jec ted productive potentials t h r o u g h efficient 
wate r use. 
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Agricultural education 
R O L E O F E D U C A T I O N I N F I E L D CROP 
P R O D U C T I O N 
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MANAGER'S A N D E X T E N S I O N T R A I N I N G INSTITUTE, B U D A P E S T , HUNGARY 
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Several methods have been deve loped to assess e d u c a t i o n and demonstrate its 
importance. We suggest using the number of years spent a t school as the measure of 
educat ion. The ex tent of education shows the average n u m b e r of the workers' school 
years, while the i n t e n s i t y of education indicates the years spent at school per 100 ha. 
In 1980 the extent of educat ion for those working in co-operat ive farms was 9 .37 years. 
There is a s igni f icant correlation be tween education a n d growing site condit ions. 
Educat ion varies b o t h w i t h regions and production structures. The extent of educat ion 
is m o s t favourable in the Danube-Tisza Interfluvia, f o l l o w e d by Trans-Tisza and 
Eastern Trans-Danubia, then by Western Trans-Danubia, b u t is the least favourable 
in Northern Hungary. 
Although the whea t - , maize- and cat t le branches s t rong ly determine t h e produc-
t ion structure of the agriculture of Hungary , the pea-, sugar-beet- and poultry branches 
still play an important role from the s tandpoint of educat ion . 
The difference in the intensity of education is m u c h greater (37-350) between 
the enterprises. It has a decisive role in the per 100 ha ferti l izer utilization, v a l u e of 
machines and implements , gross and net production value, a n d in the volume of earnings 
and returns. 
Keywords: e x t e n t of education, in tens i ty of educat ion , growing site condit ions , 
region, production s tructure , management 
Introduction 
Out of the qual i ta t ive aspects of human resources education, practical 
experience and various personality fea tures influencing work performance are 
of decisive importance. 
Even Marx pointed out that " t h e competence of t he existing populat ion 
is the prevailing condition of production, i.e. of economic growth". 
The considerable change that has taken place in the professional knowl-
edge of people is today an important element in the utilization of social funds 
(Bognár 1976). 
According to the l i terary data, s tudies on the role of education, especially 
of professional qualification have recently increased in number (Kádá r 1980, 
Pfau 1980, Relin 1980, Isbaner 1980, Sucic 1980, Lehoczky 1980, Bíró 1980, 
Cselőtei 1980, Dénes 1980). 
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Nagy (1980) relying on t h e relevant l i terary sources uses "professional 
scoring". In th i s system the professional scores of a worker range between 
0.7 and 2.1. The classification of intellectual workers w i thou t professional 
qualification and of unskilled physical workers is independent of their education. 
Besides a system-centered development and enterprisal independence 
t h e high professional level of workers and managers is the most impor tant 
condition for progress (Németi 1986). The qual i ta t ive development of the labour 
force also has an affect on t he rapid growth of live labour efficiency (Németi 
1986). 
According to Van Di jk e t al. (1986) the average educational level 
of population in the USA grea t ly improved in the fift ies and sixties, b u t 
th is improvement stopped in t h e seventies. A t the time of Wor ld War I I t h e 
American populat ion spent an average of 9 yea rs at school. B y the end of t h e 
sixties this rose to 12 years, b u t has not changed since then . I n 1980 16% of 
t h e population attended high schools or universities for 4 yea rs or more, and 
3 6 % graduated f rom secondary schools, compared to 11% a n d 31% respec-
t ively in 1970. 
According to the above d a t a , the average result of verbal /mathemat ical 
t es t s for those born in 1945 was 478/502 poin ts in 1963, while for those born 
in 1960 424/436 points in 1980. That is, the academic qual i ty of the labour 
force employed af ter 1973 was less by 5 - 6 % t h a n previously. 
The interaction between technology and labour force is also influenced 
by the quality of the educational work. The growth ra te of productivity 
gradually decreasing from the end of the sixties in the Uni ted States, as well 
as the low level stabilization of the growth of productivity in the German 
Federal Republic, France, J a p a n and Canada, are connected wi th an undesir-
able change in t he quality of t h e labour force. 
Richonnier (1983) emphasizes the relationship between the new tech-
nology and t he quali ty of the labour force. The new technology, while dec-
reasing the quant i ta t ive demand , increases t h e qualitative demand on t he 
l abour force. 
Hajdú (1987), analysing t h e interrelations of the technological elements 
and the spheres and phases of technological planning, established the following: 
— out of the factors of technology the technical, chemical and biological 
factors are inactive; 
— change in t he agrochemical basis in certain areas is possible almost every 
year; 
— change of technics, cultivars and technology may take place every 4-6—8 
years; 
— human resources represent t h e only active factor which mobilizes the ele-
ments of technology, ensures the balance, efficient application and im-
provement of other factors; 
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— a great contradict ion of t h e human resources is, however , t h a t during t h e 
30-40-year period of ac t ive service following the basic educat ion , 3 -4 t ech -
nical changes and 6-8 changes of cul t ivars may even occur . Thus, w i t h o u t 
a cont inuous self-education and sys temat ic extension t r a in ing it m a y be-
come a conserving factor . 
Therefore, i t is not on t h e size and propor t ion of t he expenses of h u m a n 
resources t h a t the i r role and impor tance pr imar i ly depend, b u t rather on h o w 
t h e y are able t o influence t h e expenses a n d efficiency of t h e technical, bio-
logical and chemical factors which fundamen ta l ly shape t h e production cos t . 
I t is, therefore , i m p o r t a n t to elaborate a method su i t ab le for the objec-
t ive judgement of the role of these human resources. 
Materials and methods 
In our investigations we started by postulating a necessary relat ion between educat ion 
and the number of years spent at school, considering the quantitative change that assumed a 
qualitative character. 
The number of years spent at school was taken for being equal with the period of 
education in dayschool. Scores: semi-skilled worker 9, technician 12, college graduate 17, 
certificated engineer 19. 
Categories employed: 
— the extent of education is identical with the number of years spent b y 1 worker at school , 
— extent of higher education: number of years per worker spent in higher educational 
institutions (university, college), 
— intensity of education: number of years spent at school per 100 ha agricultural area, 
— intensity of higher education: number of years spent in higher educat ional institutions by 
the working staff of 100 ha agricultural area. 
The data are grouped by 
— growing site conditions (on the basis of gold crown value), 
— production regions and 
— production structure. 
Furthermore, a connection between education and management data was also sought . 
In this s tudy, the 1980 balance data of co-operative farms supplied to the Central 
Statistical Bureau were used. 
The computer processing w a s carried out by Mrs. Szántai in the Computer Centre of 
the National Planning Board. 
Results and discussion 
In the co-operative f a r m s the extent of education in 1980 was 9.37 on 
an average. I n some 50% of the 1277 co-operative f a r m s examined th i s is 
9—9.49 (average: 9.26), which is somewhat more favourable compared t o t h e 
t ime required to a t ta in a semi-skilled level. 
In 18% of the co-operat ive farms t he workers ' average educational level 
is lower t h a n t h a t of the semi-skilled workers . In 31% of t h e m , on the o t h e r 
hand , it approaches tha t of t h e skilled workers . 
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This situation is abou t twice bet ter compared to t h e period 30-35 years 
before, Thus, the co-operative workers have also made a great progress in 
respect to education. 
Table 1 shows the relat ion between growing site conditions (in t e rms of 
average gold crown value) and education. As seen f rom the table there is a 
significant relationship between them, except for a single parameter. 
Accordingly, unfavourable growing site conditions do not encourage 
people to a t t a in a higher educational level, nor to acquire professional quali-
fication. Ra the r , these conditions repel college- and univers i ty graduates, and 
accordingly t he ratio of professional workers is essentially lower. 
The correlation between education and production region has a similar 
tendency. The average n u m b e r of years spent at school by a worker varies 
f rom region to region be tween 8.64 and 9.47. This va lue is the lowest in 
Northern Hungary (8.64) followed by Western Transdanubia (9.01) while the 
da ta of the other regions (Danube-Tisza Interfluvia, Trans-Tisza, Eas tern 
Trans-Danubia) are close to each other (9.31-9.47) being regarded as t he best 
of all. 
This result contradicts t he general opinion that Trans-Danubia, and its 
western pa r t in particular, is the most developed product ion region of Hun-
gary. 
As a result of the educat ional and economic policy over the past decades, 
a considerable part of Trans-Tisza and t he Danube-Tisza Interfluvia have 
caught up wi th the other regions as regards education. 
The correlation between education and the level of f a r m management is 
indicated in Table 2. The d a t a obviously prove the difference between the semi-
skilled and skilled worker level on co-operative farms, in favour of the la t te r . 
In such farms the knowledge required for the reasonable use of increased 
amounts of fertilizer and fo r the operation of valuable machines and imple-
ments has presumably been acquired by t he workers. So in this sense the 
utilization of materials of industrial origin has raised t h e level of educat ion 
usually to such an extent as forced by the objective conditions of farm manage-
ment . The increase in product ion value, income volume and profit m a y also 
be due to this . 
Obviously, workers wi th a higher level of education do a better qual i ty 
work both in the organization and implementation of technology and in the 
organization of production. I t is therefore an essential t a s k to shape the per-
sonal factors in harmony wi th the conditions of farm management . 
According to the in tens i ty data of education (Table 2) the average 
number of years spent at school by the working staff of 100 ha ranges f rom 
37 to 475. The difference is more than tenfold. In 46% of the co-operative 
farms the index for the in tens i ty of educat ion is below 100 (69 on average). 
I n a further 34% this index is between 100 and 150 (average: 125), in hard ly 
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Table 1 
Relationship between growing site conditions and education in co-operative farms (1980) 
0-11 11.1-14 11.1-19 19.1-25 25.1-30 30.1-35 above 35 Correlation 
— — Average coefficient 
land quality in gold crown (r) 
Number of years spent at school per 
worker 9.07 9.28 9.36 9.41 9.49 9.51 9.52 9.37 0.92 
Number of years spent at school per 
100 ha agricultural area 128.74 117.23 140.08 110.92 111.90 134.94 137.83 122.30 0.19 
Number of years spent in higher 
educational institutions per worker 0.42 0.50 0.51 0.54 0.54 0.58 0.52 0.52 0.75 
Number of years spent in higher 
education per 100 ha agricultural 
area 5.91 6.34 7.57 6.36 6.41 8.22 7.53 6.74 0.65 
Tabic 2 
Relationship between the intensity of education and the cooperative farm management (1980) 
Education iudexee of workers per 100 ba Correlation 
coefficient 
below 37 37-99,9 100-149,9 150-199,9 200-249.9 250-299.9 300-349.9 above 350 (r) 
Yield average, t/ha 
Wheat 5.58 4.69 4.85 4.56 5.21 4.61 4.77 4.83 0.28 
Sunflower 0.54 1.66 1.71 1.58 1.76 1.19 1.34 1.93 0.46 
Maize 2.45 5.46 5.87 5.36 5.23 5.11 5.39 5.09 0.14 
Sugar-beet 0.00 36.22 38.60 35.16 39.34 48.65 0.00 33.06 - 0.38 
Potato 0.00 19.14 18.93 13.96 21.78 18.30 14.89 14.23 - 0 . 4 9 
Pea 0.00 2.51 2.40 2.24 2.52 0.00 0.00 3.20 0.94 
er 100 ha 
Worker n 4.66 9.01 13.32 19.18 23.60 28.83 38.60 138.05 0.99 
Fertilizer consumption, kg 78.06 219.15 237.26 229.93 237.68 249.30 225.23 278.99 0.51 
Value of machine implements, Ft 213.49 402.95 505.12 627.55 681.32 764.63 929.80 4109.87 0.99 
Gross production value, 1000 Ft 724,38 2324.66 3195.27 4395.94 5554.19 5433.42 8228.26 44015.17 0.99 
Net production value, 1000 Ft 145.53 671.21 963.08 1415.37 1848.65 1999.97 3061.56 16022.51 0.99 
Field production value, 1000 Ft 371.70 1149.08 1358.64 1425.56 1478.79 1453.41 1584.49 21483.69 0.98 
Income volume, 1000 Ft 111.36 557.75 826.84 1180.16 1453.41 1453.36 1515.93 11408.44 0.99 
Profit volume, 1000 Ft 2.47 210.36 314.85 438.79 487.51 442.15 1076.95 5167.42 0.99 
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more than 10% between 151 and 200 (average: 17) and in less t h a n 10% 
above 200. 
No correlation was found between the yield averages of the m a j o r crops 
and the intensity of education. I t is only too na tu ra l , because compared to 
the number of workers engaged in crop production t he number of those working 
in other branches is larger by orders of magnitude. I t is remarkable tha t : 
— with an increase in the per 100 ha number of workers t he intensity 
of education increases, which suggests tha t in the Hungarian agriculture of 
the 1980s the larger per 100 ha working staff means a more versatile produc-
tion structure and a more intensive production; 
— in fertilizer consumption 69 is the average value for the intensity of 
education, which is a relatively low category. This shows that t he higher 
intensity of education has little effect on a further increase in the volume of 
fertilizer consumption; 
— as opposed to fertilization, the correlation between the value of labour 
equipment and the intensi ty of education shows a totally different trend. 
Here an extremely close correlation (r = 0.99) is shown which also means a 
continuous quanti tat ive change. Qualitative change appears when the intensity 
of education is below 37, which suggests a low machine- and implement value, 
or when the education level rises above 300, because in this case the per 100 ha 
value of machines and implements is more than 4.5-fold of the former ; 
— the correlation between the other major management parameters 
examined and the intensi ty of education shows a t r end similar to t h e former 
one, bu t the extent of the difference between f a rms with an intensi ty of 
education below 37 and those where this value is above 300 is more t h a n ten-
fold for the gross production value, more than twentyfold for the net pro-
duction value, more t h a n fourfold for the value of crop production, more than 
twentyfold for the income volume and more than f i f ty fo ld for t he volume of 
profit . 
The intensity of education is, besides the in tent ion of the management , 
primarily an economic necessity, a funct ion of technology, production structure 
and management s t rategy, and if it is in accord with t he conditions of farming, 
then it is a positive phenomenon. 
If the intensity of education is expressed by the number of years spent 
in higher educational insti tutions by the working s taf f of 100 ha, t h e n this 
value also shows a positive correlation with the yield averages of t h e crops 
examined. In comparison with the former cases this is a new feature (Table 3). 
How is it possible tha t on the basis of " t h e total n u m b e r of years spent at 
school" there is no correlation, while on the basis of " t h e years spent in higher 
educational inst i tut ions" t he correlation is positive ? Again the explanat ion is 
tha t in an intensive branch of production (such as crop production, compared 
to the livestock branch) t he proportion of "university- and college graduates" 
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Table 3 
Relationship between higher education and co-operative management (1980) 
Higher education index of workers per 100 ha Correlation 
Parameters -
below 2.5 2.51-3.99 4-5.9 6-7.99 8-9.99 10-11.9 above 12 
- coenicieni 
(r) 
Yield average, t/ha 
Wheat 4.52 4.58 4.69 4.77 4.98 4.92 5.02 0.84 
Sunflower 1.41 1.58 1.66 1.67 1.81 1.93 1.96 0.86 
Maize 4.89 5.41 5.56 5.70 5.97 5.65 5.25 0.89 
Sugar-beet 35.24 36.68 37.33 36.82 39.27 33.62 39.79 0.49 
Potato 
Pea 
12.25 
1.94 
17.62 
2.31 
19.74 
2.48 
18.12 
2.36 
16.48 
2.62 
14.55 
2.69 
17.56 
2.67 
0.35 
0.72 
Per 100 ha 
Workers of higher education, n 8.50 10.00 11.09 13.03 15.43 17.36 59.93 0.95 
Fertilizer used, kg 192.56 200.20 231.02 234.40 241.45 257.04 241.45 0.65 
Value of machines, implements, 
1000 Ft 370.63 368.96 422.01 506.66 568.76 604.09 1845.17 0.95 
Gross production value, 1000 Ft 1969.91 2230.10 2692.09 3165.43 3804.60 4314.67 17971.53 0.94 
Net production value, 1000 Ft 603.73 630.17 803.65 947.94 1183.11 1335.27 6416.53 0.93 
Field production value, 1000 Ft 1035.62 1071.38 1223.89 1315.68 1435.49 1459.75 7969.55 0.91 
Income volume, 1000 Ft 521.96 552.73 673.59 801.37 986.60 131.96 4704.71 0.94 
Profit volume, 1000 Ft 184.50 198.00 249.53 305.44 361.41 419.71 2058.42 0.93 
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is a more impor tan t factor. Furthermore, the crop production branch of f a r m s 
usually is managed by workers with higher qualification. 
As for the correlation between production structure and education: 
— in fa rms with a poul t ry branch, regularly higher values were found , 
unlike those keeping other animal species; 
— in the area of crop production, the pea- and sugar-beet branches h a v e 
an outstanding effect on education, while t h e same cannot be said of t h e 
potato- and sunflower branches. The sugar-beet is well known for its special 
requirements. The "role" of pea is interesting in this respect. The f a r m s 
engaged in pea cultivation follow a different production s t ra tegy and possess 
a more foresighted enterprisal management. T h a t is, in these fa rms the innova-
t ive faculty is greater, and so is necessarily the education. In the case of 
sugar-beet, educat ion is the consequence of t h e demand raised by this branch , 
while in the pea branch the higher level of educat ion is a consequence resulting 
f rom the occupation. 
The extent of education in the agriculture of Hungary today can be 
concluded from its material and technical level, from the demand raised on 
agriculture and f rom the macroenvironment surrounding i t . In the techno-
logical system based on manual labour and draught power, using primari ly 
materials of agricultural origin, the extent of t h e workers' education in H u n -
gary showed a va lue of about 4. In a technological system based on complex 
mechanization, using masses of industrial origin materials th is value is above 
11, optimally at least 12 (Hajdú 1987), as suppor ted by the education data a n d 
the development process of education in the Uni ted States. 
In today's Hungarian agriculture the development of technology can be 
realized by a sys tem that simultaneously ensures 
— versatili ty, i.e. accommodation to changing and differing conditions, 
— co-ordination of the technical and agrochemical factors with the en-
vironment, 
— increased social and operative efficiency of production, 
— higher income production and 
— sound conditions of m a r k e t economy. 
That is, the scarcity of sources of development, the decreasing or s tagnat-
ing living s tandard , and the heavy curtailment of enterprisal incomes m u s t 
not prevent the development of technology. One of the basic conditions for 
avoiding difficulties is the renewal of technology. Experiences of the pas t 
20-30 years seem to suggest t h a t can be achieved only with increased invest-
ments , higher capaci ty and more valuable machines and mass application of 
chemicals. But th is is not true. New ways of the technological development must 
be found in these days. The f i r s t step should be a technological development 
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linked with the interest relations, and th is m a y be followed by a market-oriented 
technological development. Technical deve lopment has a favourable social effect 
only if it ensures the t u r n i n g out of p r o d u c t s cheaper t h a n before. Final ly , 
a fur ther character is t ic of t he technical development of our days: advancing 
step by step. 
Primar i ly , not only are new machines wanted, b u t t he existing ones also 
should be modernized so t h a t with t h e m the same work processes can be 
carried out wi th lower energy input and more cheaply. Technologies requir ing 
a smaller q u a n t i t y and a lower value of agrochemical materials , to ensure the 
earlier a t t a ined production level, should be elaborated a n d widely in t roduced . 
I t is quest ionable whe the r the p r e sen t level of educat ion is suf f ic ien t to 
achieve th is goal. 
In t he fu tu re , with personal in teres t coming into prominence, a n enter-
preneurial view will be t h e dominant f e a t u r e of management . This requires 
open-minded people, possessing sound bas ic knowledge, an average E u r o p e a n 
cultural level and famil iar i ty with business relation. 
I t is a v i ta l social in teres t to a t t a i n a general secondary school level of 
educat ion. 
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Introduction 
Increasing global demand for and t he necessity of t he better uti l ization 
of commodities have made it imperative to study the impac t of ma jo r pro-
duction systems on the environment. Nearing the t u rn of the millenium we 
watch with anxiety the development of numerous adverse processes th rea ten-
ing the food and other supplies of fu tu re generations. I n the issues of agri-
culture, industry, the communal sphere, as well as of t he environment water 
lias become a major concern for the most part of the world. Hydrological 
conditions, the availability and occurrence of water have distinct consequences 
for human life particularly in the cases of scarcity or impur i ty of the water . 
Water-related constraints l imit not only agricultural production b u t also 
socio-economic development in many arid countries. 
Water conditions and water resources 
The sustainability of the environment and society depends to a great 
extent on the water conditions. The prospects of development also depend 
on the present and fu ture s ta te and util ization pat terns of -water resources. 
Figure 1 is a schematic representation of the scarci ty of water on our 
globe. 
From Figure 1 it becomes clear t h a t only a very l i t t le pa r t of the world 's 
water resources is available for agriculture due to the distr ibution and qual i ty 
of these resources. This l i t t le par t , which is fresh water and subsurface water , 
must he rationally distr ibuted and utilized for the purposes of agriculture, 
industry, drinking, household, recreation, etc. 
Lecture held at "International Conference o n Soil Conservation and Env ironment ." 
Piestany Spa, 29 May-2 June, 1989. 
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Fig. 1. A p p r o x i m a t e global d is tr ibut ion of water 
We need a new, holistic approach of scientific and ecological concepts 
for meeting t he demands in respect of the functions, behaviour and f u t u r e 
role of water in agriculture w i t h particular regard to the protection and con-
servation of t h e environment. 
The global water cycle and the na tu ra l laws governing this circulation 
system determine the life on our planet which has the characteristic, qu i te 
special in the cosmos, of t h e presence and availability of water. Based on 
such considerations we have to agree t h a t water-related problems are no t 
only major environmental problems but also crucial problems of life. 
Parallel wi th the increase of population and the development of civiliza-
t ion water scarci ty appeared in many areas of the world, particularly in ar id 
and semi-arid countries, the symbol of which has become the Sahel belt of 
Africa in the last decades. 
When we study the role and importance of water in relation to agri-
cultural product ion and the environment we have to t ake in to consideration 
t he overall scheme of the w a t e r cycle both in nature and production, not for-
getting either about the quant i t ies used and polluted in t h e households. I n 
Figure 2 the action and cycle of water is charted in th is perspective a f t e r 
Falkenmark (1988). 
Figure 2 clearly shows t h a t with wa te r acting in different branches 
of agri-, sylvi- and horticulture with remarkable influence on the environment, 
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Fig. 2. L i n k a g e s b e t w e e n e n v i r o n m e n t , soi l , l a n d u s e and w a t e r ( a f t e r F a l k e n m a r k , 1 9 8 8 ) 
different processes are tak ing place with effects and feedbacks, including living 
and non-living systems in close dependence from the p a t t e r n of product ion 
systems. Different constraints should be taken into consideration and not 
only cost-benefit analyses b u t also thorough analyses of the harms and benef i ts 
tha t may come to the environment mus t be studied before making decisions 
on higher or lower levels of science and politics on environmental issues. 
Figure 2 demonstrates the exceptional complexity of the interact ion 
of water with practically all branches of h u m a n activity and all kinds of land-
scapes and production. Such complexities include processes, as well as politico-
social and production conditions. I t is obvious that parallel with increasing 
water util ization the number and nature of negative feedbacks increase and 
this situation demands ve ry considerate planning, decision-making and pro-
duction systems developed with circumspection. 
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Water anil sustainable agriculture 
In F igure 3, also based on the cited p a p e r of F a l k e n m a r k (1988), t h e 
part i t ioning of -water on t h e ea r th (including atmosphere, l i thosphcre, pedo-
sphere and hydrosphere) is demons t ra ted . 
As it is impossible to s t u d y water use in isolated f ie lds , as in agricul ture 
only, such schemes like F igure 3 must a lways be taken in to account because , 
part icular ly in modern society, the fate of w a t e r in agr icul ture is in terre la ted 
w i th the dynamics of water in other na tu r a l and/or p roduc t ion systems. T h e 
pollution of surface and subsurface wate rs , and consequent ly of d r ink ing 
wa te r with n i t ra tes , or the f r equen t f loods caused by defores ta t ion arc good 
examples of such interrelat ionships. 
When t h e application of water in agricul ture is s tud ied without due 
regard to t h e surrounding sys tems such fa i lu re often leads t o tragic conse-
quences like t h e exhaustion of t h e water resources of adverse changes in t h e 
balance of a watershed, t h e secondary salinization of i r r iga ted areas, m a n -
made defores ta t ion or others . 
Susta inable agriculture is a complex quest ion and i t is conditioned on 
a sustainable interaction be tween water, soil, plants a n d h u m a n act ivi t ies 
including all of the ecosystem fed by t h a t cycle (Fa lkenmark and Lundqv i s t , 
1988). 
In the following we shal l discuss the role, and impac t of water on agri-
culture wi th par t icular regard to irrigation a n d drainage problems, as well as 
Air moisture Ai r moisture 
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of the changes in soil fertility unde r the effect, and as a result, of the altera-
t ion of water balance in smaller or bigger spat ial units. 
When speaking of water in respect of agriculture, as well as of sylvi- and 
horticulture we have practically two aspects in mind. 
I . The util ization of water in production under rain-fed conditions 
I I . Irrigation and drainage. 
While in rain-fed conditions the water problem of agriculture is re-
presented mainly by the possibility and regulari ty of supplying the crops 
wi th water from the atmosphere through soils and water resources of subsoil 
layers in irrigated agriculture, t he significance of water is essential and water 
supplies come mainly from irrigation ditches. 
Most of the problems caused by water in agriculture versus environment 
are related to the second group, namely to irrigated agriculture. 
Speaking of water in regard to both non-irrigated and irrigated agri-
cul tural production, particularly the first one, related to the problems of 
drought we have to stress tha t although drought is partly a meteorological 
question, nevertheless, must not be neglected or underestimated particularly 
in a period and area of increasing aridity and desertification. Drought, too, 
cau be induced no t only by na tu re but also by human activities as demon-
st ra ted in Figure 4, also based on the achievements of Falkenmark (1988). 
Figure 4 clearly shows t h a t aridity may induce desertification resulting 
sometimes in the collapse of society in cases of overexploiting water resources 
and the desiccation of land and soil. 
NATUR AL P H E N O M E N A L A N D S C A P E SOCIAL 
E F F E C T S EFFECTS 
Fig. 4. Various categories of dryness caused by nature and man 
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Following the considerations described above, we can speak of the past, 
present and future of irrigation which has been and remains the most im-
por tant issue in connection with water in agriculture. 
A global discrepancy appeared and has become particularly conspicuous 
in the last decades between the growing demand for water and the increasing 
scarcity of water resources. This phenomenon has remarkable influence on 
the fu ture of irrigated agriculture and poses a challenge for science policy to 
he met before planning fur ther irrigation and drainage systems, as well as 
during the utilization of the existing ones. 
The makers of irrigation plans must reckon with the circumstances 
demonstrated in Figure 1 and with many other theoretical and practical 
aspects. 
Trends of global extension of irrigation 
The expansion of irrigation not only resulted in more areas being irri-
gated, bu t also affected the properties of soils, both positively and negatively. 
Although irrigation dates back to prehistoric t imes, its rapid development 
only s tar ted about 200 years ago (Table 1). 
Table 1 
Development of irrigation in the world 
Year 
Irrigated land 
(million ha) 
1 8 0 0 8 
1 9 0 0 4 8 
1 9 4 9 9 2 
1 9 3 9 1 4 9 
1 9 8 8 2 0 0 
From Table 1 it can clearly be seen tha t the area of irrigated land grew 
from 8 million ha in 1800 to 48 million ha in 1900, and more t h a n doubled 
in the last 50 years. This trend is very remarkable and has resulted in large 
increases in the production of agricultural products, bu t has also resulted iu 
a number of technical and environmental problems. Only a few of these will 
be discussed in this review. 
1. At the turn of the century when the irrigated lands of the world did 
not exceed 50 million hectares, they were mainly distributed among a few 
dry countries, as shown in Table 2. 
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At the beginning of the century t he countries listed in Table 2 accounted 
for 2/3 of all the irr igated soils of the world. At t h a t t ime irrigation was only 
practiced in dry regions. However, in recent t imes, irrigation has been ex-
tended into many semihumid regions, as well as ar id and semiarid regions. 
The problems of salt accumulation and secondary salinization are different 
among different climatic regions with respect to the chemistry of sal t accumu-
lation. 
Table 2 
Irrigated soils in some dry countries in 1900 
CoUDtry 
Irrigated territory 
(million ha) 
Indian subcontinent 15.49 
Russia 3.80 
United States 3.01 
Japan 2.72 
Egypt 2.00 
Italy 1.30 
Spain 1.00 
Chile 0.30 
Total: 30.13 
2. In many countries irrigation has been introduced as a new practice 
within the last few decades. Experiences of countries having long-term irriga-
tion practices were not always known and applied to combat against second-
ary salinization. 
3. The extension of irrigation affected not only the land actual ly irri-
gated, bu t also the neighbouring non-irrigated territories. As long as irrigation 
was concentrated in small areas, evidently its environmental effect was much 
less t han tha t of big irrigation systems tha t affected large surrounding areas. 
4. The effect of irrigation on the biosphere (besides the irrigated crop), 
increased parallel with the sharp development of th is method including ad-
verse effects, such as 
— salinization and contamination of drinking water 
— water-logged and saline areas as a breeding ground for parasi tes and 
diseases 
— toxic effects on soil microorganisms, etc. 
The listed phenomena, and others, constitute in many places a barrier 
not only for further development of agriculture and human civilization but 
also keeping the present level of production. 
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Effects of increase of irrigation on salt accumulation in soils 
and waters 
The increase of irrigated terr i tor ies in d i f fe ren t parts of t h e world and 
in different countr ies and regions has been remarkable . In t h e USA, for ex-
ample , the area u n d e r irrigation doubled between 1949 and 1973 t o 21 million 
hec tares . Another example: in t h e USSR every year 1 mill ion ha of new 
i r r iga ted land are brought under cult ivation. I n Kenya the a rea of irrigated 
l a n d doubled be tween 1959 and 1969, and f u r t h e r development is envisaged. 
I n Hungary i r r iga ted areas h a v e shown a more t h a n 10-fold increase since 
t h e Second World W a r ended in 1945. 
In many countr ies where irr igat ion was int roduced main ly under non-
ar id conditions in densely popula ted areas, i ts side effects were dif ferent f rom 
those appearing in most of the a r id countries. F o r example, in d r y countries 
t h e area surrounding massive i r r iga ted lands is a vast desert which makes 
possible to to lera te the adverse consequences of irrigation such as secondary 
salinization of ad jo in ing areas ( Jegorov 1969, Kozlovsky and K o r n b l u m 1963). 
I n countries where the uti l ization of land is over 70%, like in Hungary , t he 
above-ment ioned and similar side-effects would be catastrophic. 
In some countr ies , like E g y p t , nearly 1 0 0 % of the agr icul tural land 
is irr igated (Elgaba ly 1962). T h e corresponding f igures are: 7 0 % in the Mal-
gache Republic, 2 6 % in Thai land a n d 50% in Pak i s t an (Nazir A h m a d 1965). 
Similar ratios exist in many arid a n d semiarid countries. In less ar id or semi-
h u m i d countries t h e irrigated l and often accounts for only a f ew percent b u t 
th i s percentage is sharply increasing even in those countries. F o r example, 
in 1980, nearly 1 3 % of the t o t a l agricultural l and was i r r iga ted in France, 
more than 10% in Spain, and n e a r l y 15% in Greece (Servant 1969). 
In spite of t h e availabili ty of many sources of in format ion , accurate 
d a t a concerning t h e lands of t h e world where irrigation has recently been 
in t roduced are ve ry scarce. Wide ly different accounts and es t imates can be 
f o u n d in various papers and records . Es t imates of total i r r igated lands in t he 
wor ld range f r o m 150 to 250 mill ion hectares. T h e explanat ion for such di-
ve r s i ty of in format ion is p robably t h e fact t h a t i t is one th ing t o register t he 
exist ing irrigation systems in t h e world and i t is another to keep record of 
t h e ones which are in permanent operation. Th i s is the reason, in all prob-
abi l i ty , why t h e da ta of FAO (Food and Agricul tural Organizat ion of t he 
Un i t ed Nations) and ICID ( In te rna t iona l Council for I r r iga t ion and Drain-
age) are always different regarding the area of irrigated land . 
I t is evident t h a t the neglected or abandoned irr igation systems are 
r a t h e r f requent a n d account for a ve ry high percentage of all exis t ing systems. 
According to t he estimates of F A O and U N E S C O (United Na t ions Educa-
t iona l , Scientific a n d Cultural Organization), as much as half of all the exist -
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ing irrigation systems of the world are more or less under t he influence of 
secondary salinization, alkalization and water-logging. This phenomenon is 
very common not only in old irrigation systems bu t also in areas where irriga-
tion has only recently been introduced. 
According to the estimates of all of the above-mentioned agencies, 10 
million hectares of irrigated land are abandoned yearly as a consequence of 
the adverse effects of irrigation, mainly secondary salinization and alkalization. 
The mentioned losses and damages are not evenly distr ibuted among t he 
irrigating countries. In some of t hem the damage is low, b u t in others it can 
be as high as constituting a m a j o r problem in the agriculture or even in t he 
nat ional economy of the country . Unfortunately, the world is rich in such 
sad examples. In Pakistan Nazir Ahmad (1965) carried out statist ical analyses 
in respect of secondary salinized land. According to his da t a , out of 13.8 
million hectares of total irrigated territory, salinized areas accounted for 2.1 
million hectares af ter a few years of irrigation. He indicated among the causes 
of secondary salinization in Pak i s t an the joint effect of irr igation and ground 
water . I t is known from FAO repor ts (1976) and the papers of Kovda (1980) 
t h a t more than 50% of irrigated soils in Iraq and Iran is affected by secondary 
salinization. 
According to FAO est imates (FAO 1971, 1972) for I r aq , 50% of t he 
river plain is affected by salinity. The same authors est imate the extension 
of salinity and alkalinity in I ran to be more than 15 percent of to t a l land surface, 
exceeding 25 million hectares. As a result of irrigation, the salinity problems 
are increasing year by year. 
In Turkey more than 2 5 % of alluvial soils are a l ready affected by 
salinity and practically all of t h e m may become saline due to the envisaged 
increase of irrigation (FAO 1971). 
FAO reports (1971) on sal ini ty in Syria in the Euphrates-Valley and 
est imates the adverse effects as follows: 
(a) For more than 20,000 ha sal ini ty developed to a level where these soils 
had to be t aken out of cul t ivat ion, and the loss is est imated at a total of 
30,000 tons of cotton (Gossypium hirsutum) per year. 
(b) For about 30,000 ha the yield decreased by 50%, and the total loss is 
estimated at 20,000 tons of cot ton per year . 
(c) For about 60,000 ha the yield decreased by 20%, and t he total loss is 
estimated at about 18,000 tons of cotton per year. 
The Near and Middle Eas t region depends largely on irrigated agri-
culture. Although only 36 percent of the arable land of the regions is irrigated, 
this area produces 70 percent of value of all crops. I t is envisaged that irriga-
tion by the next decade will increase to 51 percent of the arable area. How-
ever, the problem of salinity is also expected to increase on these soils because 
they have a high potential for becoming saline (FAO 1971). 
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At present no cont inent is free f rom very serious occurrences of salin-
ization and alkalization. According to Zavaleta (1965), practically all irrigated 
alluvial soils in Peru show the features of salinity and alkalinity. In Argentina 
50% of the 40,000 ha of land irrigated in the 19th century are now salinized 
(Kovda 1980). In Australia secondary salinization t akes place in the valley 
of the River Murray and Northern Victoria where some 80,000 ha have been 
affected (Loveday 1985, Jenk in 1981, Northcote-Skene 1972). The same phe-
nomena can be observed in Alberta, Canada (Clayton et al. 1977). Similar 
processes have been recorded in the nor thern states of the USA where irriga-
tion was introduced much later than in the dry west. I t has to be noted that 
the last four examples and many other irrigated regions are far f rom being 
arid and the majority of salts accumulating are associated with the sodium 
salts capable of alkaline hydrolysis and not with the neutral sodium salts 
we are familiar with in desert and semi-desert areas (Grin 1962, Malcolm 
1982, Munteanu-Ionescu 1964, Mclntire et al. 1982). 
A great number of sources are available referring to the different problems 
of secondary salinization and alkalization and describing their adverse effects 
in many countries. Based on the l i terature, the following countries can be 
mentioned where the salinization and/or alkalization of irrigated soils either 
represented a serious problem in the pas t or poses such problems a t present. 
In Europe: Austria (Husz 1965), Bulgaria, Czechoslovakia, Cyprus, France, 
Greece, Hungary , I ta ly, Portugal , Rumania (Obrejanu 1964, Sandu 1966), 
Spain, the USSR (Pekatoros 1962, Novikova 1967) and Yugoslavia (Zivkovic 
1965, Miljkovic-Plamenac 1971, Szabolcs 1979), in Nor th America: Canada 
and the USA (Richards 1954), in Mexico and Central America: Cuba and 
Mexico, in South America: Argentina, Brazil, Chile, Columbia, Peru and Ve-
nezuela, in Africa: Algeria, Angola, Chad, the Cameroons, Egypt, Ethiopia, 
Ghana, Kenya, Libya, Morocco, Niger, Nigeria, Somalia, South West Africa, 
Sudan, Tanzania, Tunisia, Zambia and Zimbabwe, in Near and Middle East 
and South Asia: Afghanistan, Burma, India, Iran, I r aq , Israel, Jo rdan , Ku-
wait, Lebanon, Pakistan, Saudi Arabia, Syria, the Trucial States, Turkey and 
Yemen, in North and Central Asia: China, Mongolia and the USSR, in South 
East Asia: Indonesia, Malaysia, Thailand and Vietnam, and in Australasia: 
Australia (Peck et al. 1983, Pels and S tannard 1977). According to the knowledge 
of and the da ta available for the author, in these countr ies secondary saliniza-
tion not only occurs, b u t represents practical problems. The absence f rom the 
list of several countries where the phenomenon may also occur is due to mis-
sing records or the lack or information of the author of this paper (Szabolcs 
1979). 
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Nearly 1/lOth of the continents of our globe is touched with soil salinity 
and/or alkalinity. A certain part of this terri tory is under irrigation but the 
greater par t of i rr igated areas consists of soils which are non-saline and non-
alkali a t least for t h e moment. P a r t of such land can be potentially saline 
or potentially alkaline. Potential salinity or alkalinity means t ha t a soil which 
is neither saline or alkaline at the moment can be tu rned into either by apply-
ing improper methods of irrigation. Most of the present secondary salt af-
fected soils have gone through this process (Szabolcs 1979). 
While we have reliable records on the extension of salt affected soils on 
our globe, unfor tunate ly we are still lacking proper data on the world ex-
tension of secondary salinized or alkalized soils, we have to make our own 
estimates. 
Neither do we have proper da ta and records on the extension of poten-
tially salt affected soils. I t is necessary first of all to clarify this term. As 
mentioned above, potent ia l salt affected soils are those, which are non-saline 
or alkaline on the top layers at the moment, bu t m a y be salinized due to ir-
rigation. Evidently, such a definition is relative because any soil can be salin-
ized, e.g., even irr igated with saline water or in lack of any drainage (Talsma 
1963). 
The ground-water plays a significant role in salinity due to seepage 
from channels during the irrigation. From unlined canals large amounts of 
irrigation and drainage water seeps into ground-water lifting the water table 
near to the surface of irrigated and adjoining soils. There are situations where 
this contribution to ground-waters may be as large as and sometimes even 
more than the quan t i t y actually utilized by irr igated crops. 
This new accretion to ground-waters may be withdrawn f rom the sub-
soil, wholly or in pa r t , by wells or tube-wells. Under good subsoil drainage 
conditions, it may seep into rivers. Under other conditions, it m a y raise the 
subsoil water level or fill pockets or form perched water tables and cause 
local waterlogging necessitating drainage for restoring healthy conditions in 
the soil. 
Consequently, irrigation also changes the salt content and salt distri-
bution in the soil profi le (Szabolcs 1979, Szabolcs and Darab 1968). Tha t is why 
the definition of secondary salinization and alkalization should always he 
examined against the background of the methods or irrigation, soil and water 
properties, farming pa t t e rn , natural of artificial drainage, etc. This is the 
reason why the diagnosis of secondary salt affected soils based on a simple 
soil survey is always difficult and often omitted even during the planning 
stage of irrigation. This omission has caused a lot of unexpected harm in the 
first years or later periods of exploration of irrigation systems in many coun-
tries of the world. Evident ly , under different climatic conditions secondary 
salinization has different interpretations. Closely related to the biogeoche-
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mical processes of salt accumulation, evidently the hazard of secondary 
salinization is greater in desert areas than in humid regions where natural 
leaching processes remove soluble salts. 
Survey and estimation of possible potential salt affected soils were car-
ried out in some European countries (Szabolcs 1974). The figures are shown 
in Table 3. 
Table 3 
Existing and potential salt affected soils 
in some European countries 
Country 
Salt affected soils (ha) 
Existing Potential 
Austria 500 500 
Czechoslovakia 26,000 80,000 
Hungary 740,000 885,000 
Italy 500 400,000 
USSR 28,000,000 18,000,000 
The da ta of Table 3 clearly demonstra te t h a t even in those European 
countries where the hazard of salt accumulation is far less than t h a t for some 
countries discussed earlier, the area of potential salt affected soils is similar 
or greater than the area of recent salinization. Evidently, under arid condi-
tions, this ratio will be even higher. 
In many arid and semiarid areas practically all soils or a t least a high 
percentage, can be termed as potential ly saline. As a consequence of the above 
described regularities, the determination, grouping, characterization and 
mapping of secondary salt affected soils must be performed in the context 
of the local environmental and economic conditions (Ianovici and Florea 1964). 
Man-made salinization is a way to the destruction of the global bio-
spheric mechanism with an influence not only directly on the soil but also 
indirectly, on several processes f rom photosynthesis to the cycling of bio-
elements (С, O, N), etc. Such influences must also be taken into account 
with respect to the soil organic mat te r , energy resources, and soil bioprocesses, 
etc. The negative consequences of soil salinization are not only social and 
economic; they are globally destructive for the biosphere of our p lanet (Kovda 
1980). 
Combat against secondary salinization and alkalization 
The extension of irrigation remains a major prospect for increasing yields 
and for nourishing the world's populat ion. If not only the explotat ion of ir-
rigation systems is done carefully, bu t also during the planning and construc-
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t ion phases of irrigation systems the necessary preliminary surveys and pre-
cautions are carried out and t a k e n into consideration, respectively; then the 
production of food and raw materials can be multiplied in the future on a 
world-wide basis. 
Many prognoses are available with respect to the development of irriga-
t ion for the t u rn of the millenium and for the 21st century. P a r t of them are 
local or country reports, but some of them are on a global scale, like the well-
known Report for the President , ICID prognoses, etc. (Aleksevsky 1974). 
I t is evident t h a t in different sources different figures can be found, bu t on 
the average about 400 million ha of irrigated land are predicted for the f i rs t 
p a r t of the 21st century. Unfor tunate ly , no reliable predictions are available 
on the hazard of the development of secondary salinization resulting f rom 
such a sharp increase of the ter r i tory of irrigated land in the near fu ture . 
Based on experiences, we have to agree tha t in general t h e increase of the 
hazard of secondary salinization and alkalization is not in linear proportion 
with the increase of the acreage of irrigated land. The correlation is closer 
to logarithmic. We are still lacking the exact analysis of the ra te of the pos-
sible hazard of recent and predic ted extension of irrigation in different coun-
tries (Szabolcs and Darab 1982). 
Evidently, i t must be ve ry diverse in t he different areas, regions, and 
districts, but if secondary salinization increases in space and extent as a 
world-wide process, it is more t h a n probable t h a t its global importance will 
sharply increase in the future. 
I t is relevant to develop, whenever possible, and to adopt different 
studies and their results in the local, national and even internat ional planning 
of new irrigation systems as soon as possible. I t is also necessary to extend 
such studies to t he predictable jo in t effect of existing and fu tu re irrigation 
systems on the environment. 
In case of fu ture development of irrigation not only the pedological 
b u t also the general environmental influence of irrigation will assume new 
dimensions. For instance, the concentration of C 0 2 in the atmosphere, and 
i ts rapid change affected by h u m a n activities, is a widely discussed problem 
of our days. A great number of books, reports, and prognoses are available 
on this subject; some of them threatening wi th consequences which would 
be tragic for mankind. If the te r r i tory of irrigated land doubles or trebles, 
the irrigated plants will be able to produce higher amounts of biomass and 
harves t , through photosynthesis and to consume as much as 30-40 billion 
tons of C0 2 annually, instead of the recent 15—20 billion tons (Kovda 1980). 
The technical literature presents many examples tha t clearly show t h a t 
t he successes of irrigation are also interrelated wi th numerous vi tal problems. 
As it is clear f rom the mentioned example, the aim of irrigation development 
is to improve the food situation, as well as the environment. I t is also evident 
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t h a t the hazard of secondary salinization and alkal izat ion will be one of the 
m a j o r obstacles in the w a y of this development if we do not in tens i fy the 
s tudy of this risk and app ly the methods for its predic t ion and prevent ion . 
Preliminary survey and control of irrigated soils 
In Table 4 a scheme of methods, recommended for t h e control of salinity 
and alkalinity in i rr igated areas is given. 
This table shows t h a t the predict ion of secondary salinization and al-
kalinization of the soils to be irrigated should be based on a prel iminary sur-
vey of the landscape and soils before t he construct ion of t he irrigation system. 
I n this way, it is possible to t ake t he necessary s teps for the prevent ion of 
adverse processes. 
During irrigation, a well-organized monitoring of the soil a n d water 
propert ies is to be conducted in order t o record changes, if any, a n d to un-
derlie taking precaut ions , if necessary. Monitoring me thods as well as the 
t iming and location of sampling depend upon local condit ions. 
In the course of mak ing the survey and moni tor ing, it is necessary to 
develop a reliable me thod for the predict ion of sal inizat ion and alkal izat ion. 
Table 4 
Scheme of methods recommended for the control of salinity 
and alkalinity in irrigated areas 
(A) Before construction 
of irrigation system 
(B) During irrigation 
Landscape 
climate 
hydrology 
Preliminary survey 
Planned irrigation 
available irrigation water quality and 
quantity 
ground-water depth and quality 
hydrogeology technology of irrigation 
geomorphology cropping pattern tolerance 
Monitoring 
salinity and alkalinity of soil and ground-water table 
chemical composition of ground-water 
chemical composition of irrigation water filtration 
physical soil properties 
toxic elements, if any, in soil and water 
The mapping of t h e results of prel iminary a n d subsequent surveys 
const i tutes not only a good display of soil and envi ronmenta l condit ions of 
the irr igated areas, or a reas to he i r r igated, bu t also guidelines for proper 
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irr igation and land protect ion. Such sys tems elaborated b y various a u t h o r s , 
for different places and condi t ions are also available in technical l i t e r a tu re 
(Szabolcs et al. 1969/a, b). 
The moni tor ing sys tem of irrigated areas must b e elaborated a n d / o r 
adap ted and also closely re la ted , to local circumstances. Soils, i r r iga t ion 
wate r , and ground-water m u s t be studied regularly a n d whenever d iscrep-
ancies occur w i th the p red ic ted salt regime, the necessary measures shou ld 
be taken ei ther by diminishing the acreage or the intensi ty of irrigation o r b y 
improving t he drainage of t h e land. 
We m u s t rationally ut i l ize , and a t t h e same t ime, save our wa te r re-
sources because it is not on ly agriculture b u t also the f a t e of fo r thcoming 
generat ions a n d tha t of t h e whole biosphere which d e p e n d s on the p r o p e r 
conservation a n d future avai labi l i ty of t he world's wa te r resources. 
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Obituary 
O B I T U A R Y O F J Á N O S D O H Y 
The older agriculturists, and especially the phytopathologists were 
shaken by t he news t ha t Dr . JÁNOS D O H Y professor, t he outstanding exper t , 
excellent pedagogue, a highly respected m a n who led an exemplary life died 
on 6th March of this year. With his depar tu re , a valuable life starting in Ko-
lozsvár on 19th October, 1905 ended. F r o m his 85 years , almost 65 were 
equally rich in success and trials. He accepted the successes with modes ty 
and the t r ia ls with wise resignation. D o h y came from a teacher's f ami ly ; his 
father re t i red as a depar tment leader a t the Pallag Agricultural Academy. 
After his elementary and secondary school studies, completed in Kolozsvár 
and Debrecen, he acquired a diploma wi th distinction in 1926 at the Debrecen 
Agricultural Academy. Three years later he was already a professor's ass is tant 
working a t t he Botanical Department of t h e Magyaróvár Agricultural Acad-
emy. He took his doctor's degree in 1930 a t the Kossuth Lajos Univers i ty , 
Debrecen. I n 1938 he was appointed to an assistant academic professorship, then 
in 1940-1944 became depar tment leader professor in t h e Agricultural Col-
1 3 * 
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lege, Kolozsvár. Af te r the war, unt i l 1949 he was head of the Phytopathological 
Department in the Debrecen Section of the Agricultural University. W i t h 
the reorganization of the agricultural higher education he was transferred t o 
the Plant Breeding Station at Kisvárda, which he accepted wi th resignation. 
In 1954 the Agricultural Academy at Mosonmagyaróvár was reopened, a n d 
Professor Dohy, besides heading the Depar tmen t s of Bo tany and Zoology, 
also attended to the sub-rector's duties. Af te r 1957 he was convicted on t h e 
basis of the historical judgements of those days and was incarcerated f o r 
nearly 5 years. Even in 1962 he was only given a humble post through t h e 
good offices of the managers of the day at the Lábodi State F a r m . From t h e r e 
he was taken over by the Keszthely College of Agricultural Sciences and w a s 
employed at the pota to breeding plant of Rinya tamás for 3 years; in 1969 
he retired f rom his Keszthely working place as a scientific administrator. 
Professor Dohy accepted this series of t r ibulat ions with patience, dur ing 
which he received great support from his loving wife and children. 
In appreciating Professor Dohy's scientif ic activity others are com-
petent ; this year ' s Széchenyi Prize duly suggests that he did valuable, suc-
cessful work. Alas, only his son (a professor himself at the Gödöllő University 
of Agricultural Sciences) could accept the Pr ize on his fa ther ' s behalf, because 
by then János Dohy was no longer among us. 
I first met Professor Dohy in 1942 w h e n I became a student at t h e 
Argicultural College, Kolozsvár. We listened to his lectures with reverence; 
they were clear, logical and supported by highly expressive drawings. As a 
teacher he was str ict and methodical, but understanding, a lways pleased w i t h 
the student 's knowledge and success. During my career I knew Professor 
Dohy as an excellent superior too, from w h o m I learned a t least as m u c h 
humani ty as profession. He had extraordinary sense to give ideas; if I was 
uncertain in some question he could suggest 3 - 4 variations, and the next d a y 
was glad if I chose well; t ha t is how he t ra ined me to think. His life, his bea r -
ing, his activi ty shaped me to a considerable ex ten t , he was and has remained 
one of my ideals. Since he t a u g h t over m a n y years, his life and bearing be-
came a model for many generations. We remember him wi th great respect , 
for those whom he taught his way of living and working will always be an 
example. 
I . V lNCZEFFY 
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Book reviews 
Statistical methods for genetic improvement of 
livestock. Edited by D. GIANOLA and K. 
HAMMOND. Advanced series in agricultural 
sciences 18, Springer-Verlag. 1990 
With this book the reader acquires the 18th 
volume of the "Advanced series in agri-
cultural sciences" published on 534 pages by 
the S P R I N G E R CONCERN under the 
editorship of the excellent American and 
Australian scientists. The bulk of the volume 
consists of the lectures delivered at the 
international symposium held in Armidale, 
Australia 1 6 - 2 0 February 1987. The twenty-
two discussion-leading co-editors are the best 
representatives of the profession from all 
parts of the world. Seven similarly excellent 
experts were invited to write summaries of 
the subjects of the discussion and content of 
the book. 
Part I. deals with general statistical 
questions; f irst of all a historical review is 
given of the statistical methods of livestock 
breeding. Further major subjects are: meth-
odology and box-cow theory; models on the 
distinction between the alternative ways of 
inheritance; evaluation of inbred lines, their 
F , generations and back-crosses; polygenic 
inheritance, regressive models, genetic hy-
potheses. 
Part I I . discusses animal experiments and 
breeding programme planning. Major subjects 
are: regression and genetic correlation be-
tween parents and progenies; planning of 
single- and multigeneration selection ex-
periments; est imation of the eff iciency of 
genetic variance and selection; optimum 
plans concerning the methods of breeding 
va lue estimation. 
Part I I I . has the heading "est imation of 
genet ic parameters". Mathematical-statist ical 
quest ions of determining the genetic variance 
on the basis of the theory of probabi l i ty; 
A N O V A variance analysis and ways of its 
expression; methods of probability calcula-
t ion; REML-system estimation method; 
N E W T O N - R A P H S O N algorhythm; loga-
ry thmic calculus of probability; l inearization; 
methods of evaluation by points; EM-
algorhythm and method of successive ap-
proach; confidence intervals and hypothes is 
tes ts ; examples of t h e application of these 
methods -— are the major subjects of this 
chapter. 
Part IV. deals wi th the forecast and 
est imat ion of genetic qualities. Mixed linear 
models are described. Further subjects: 
the question of known and unknown variance 
factors, prognostication of future records; 
description and evaluat ion of the B L U P and 
B E Y O N D method. 
Part V. acquaints the reader with m e t h o d s 
of estimation and prognostication through 
l inear and non-linear models. Major subjects: 
role and use of standardized linear models in 
l ivestock breeding; est imation of heritabil i ty 
b y analysis of regression between parents and 
progenies; gene frequency estimation; anal-
ysis of linear and non-linear growth mode l s 
b y random parameters; construction of non-
linear growth curves; evaluation of surv iva l , 
resistance and other properties and observa-
t ions in livestock breeding; expression of 
survival and resistance, determination of 
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their extent; parametric and semiparametric 
models. 
Part VI. deals with some questions of 
selection. B L U E - and BLUP method used in 
selection work; right choice of female animals 
(cows); equations to balance genetic and 
ecological trends; assessment of the genetic 
value of father and progeny in evaluating the 
father; problems of grouping and of certain 
special treatments in judging the breeding 
value of males; problems of the matrix of 
relation used in l ivestock breeding; additive 
genetic variance; examples of using the meth-
od of NRM (non-random-mating); evaluation 
of progenies of unknown origin in t h e case of 
using NRM. 
Part VII. deals with the determination of 
highly effective genes. Subjects of special 
interest: question of the number of genes; 
segregation in crossing and backcrossing; 
segregation analysis; repeated back-cross and 
selection; use of markers; physiological 
markers; population analysis; methods suit-
able to seek out major genes; reproductive 
technology, addit ive gene ef fect ; embryo 
transfer, embryotomy, embryo- and spermi-
u m chimaeras, polyploids, gene transfer; 
evaluation of the effect of non-additive 
genes, cytoplasmic inheritance, dominance 
effect, preference treatments. 
I . H E R O L D 
Plant Pathogenic Bacteria Part "A" and "B" 
(Proceedings of the 7th International Con-
ference on Plant Pathogenic Bacteria, Buda-
pest, Hungary, J u n e 11—16, 1989. 
Among plant pathogens hypomycetes and 
viruses that cause the greatest losses of yield 
are followed in order by bacteria. Although 
this order truly reflects the present volume 
and economic importance of the damages, 
sometimes and in some places pathogenic 
bacteria cause very serious losses (e.g. in 
Eastern Hungary the appearance of Strep-
tomyces scabies in potato resulted in a 30 — 
40% yield loss at the end of the 1980s. 
Therefore an international assessment and 
evaluation of experiment results concerning 
plant pathogenic bacteria, as well as the 
subsequent setting of further tasks at least 
every third year, are n o t only reasonable b u t 
also indispensable and extremely useful. 
The 7th International Conference on 
Plant Pathogenic Bacter ia was held o n 11 
June 1989 in Budapest , Hungary, organized 
by the International Society of Plant Patho l -
ogy—Bacteria Section and the Hungarian 
Associat ion of Agricultural Sciences, under 
the auspices of the Hungarian Academy of 
Sciences, the Hungarian Ministry of Agri-
culture, the Hungarian Society of Micro-
bio logy , the Hokko Chemical Industry Co., 
Ltd . , Japan and the International Soc ie ty of 
Molecular Biology. 
F r o m the material of the Conference 171 
papers (including the material of the four 
plenary lectures), the production of 483 
authors , have been published by the H u n g a -
r ian Academy of Sciences in the Proceedings, 
under theeditorship of Z. Klement. 
T h e opening lectures: New trends in 
phytobacteriology (Kelman, K.), R e c e n t 
trends in biochemical and physiological 
aspects of bacterial p lant pathology (Good-
man, R.N.), Strategies for restraining bac-
terial plant disease (Rudolph, K.), U s e of 
genet i c and molecular approaches in eluci-
d a t i n g bacterial plant pathogeneticity deter-
m i n a n t s (Boucher, C. and Arlat, M.) show — 
a m o n g others — what a great increase in the 
n u m b e r of lectures (publications) on p h y t o -
bacteriology took place from 1966 to 1988, 
e.g. in the scientific sessions of the American 
Phytopathological Society . 
T h e lectures also indicate how m a n y ex-
perts in biochemistry, molecular biology and 
genet ics have been drawn to phytobacteriol-
ogical research work b y the biotechnology. 
T h e new techniques (genetics, computer 
technics , etc.) have greatly increased the 
capac i ty and success of research. A compre-
hens ive view is g iven of the causal relat ion 
b e t w e e n Chemotaxis and pathogeny, of the 
achievements of s tudies on toxins, bacteri-
cides, antibiotics, biological control, resist-
ance breeding, and o n the molecular bases of 
pathogenic specificity. 
T h e papers may be limited in length, but 
up-to-date relevant references cited and l is ted 
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in them — more than 1500 passages — pro-
vide further information to those interested 
in these various subjects. 
The subjects of the lectures generally rep-
resent a valuable contribution to the present 
knowledge of phytobacteriology, and n o t 
only enrich its theoretical results but also 
promote their application in practice. 
New directions are set and practical meth-
ods marked out for molecular biology (mole-
cular genetics) and biotechnology, and those 
working in these fields or engaged in bac-
teriology-phytobacteriology register the co-
operation as an everyday task. 
Besides phytopathology (phytobacteriol-
ogy) general and applied microbiology (bac-
teriology) have also been made richer w i t h 
many new data by the conference and b y 
the publication of its material . 
In accordance with the structure of the 
Conference — with the answers given to the 
questions circulated through the Conference 
taken into consideration — in the two volu-
mes of the Proceedings (Par t A and B) the 
material of the lectures delivered are grouped 
in 9 sections plus a mixed part, running to 
a total of 1061 pages with 189 tables and 232 
figures. In the sections following the lecture 
held in the plenary session, 26 papers repre-
sent the host-parasite relationship, 14 the 
control and biocontrol, 12 the epidemiology, 
20 the genetics and molecular biology, 36 
the identification, 25 the erwinia, 7 the agro-
bacteria, 14 the serology and 15 papers repre-
sent lectures o n various subjects. 
The book can be of good use for phyto-
bacteriologists, bacteriologists, microbiol-
ogists, and for those working in the field 
of phytopathology and phytopathological 
physiology. Valuable data can be found in it 
by those engaged in molacular genetics 
(microbial genetics) or biotechnology (micro-
bial and plant biotechnology), too . 
This book is important as to research 
workers and teachers, and also to university 
students dealing with special subjects , it can 
equally be recommended for libraries of uni-
versities and research institutes. 
M . K E C S K É S 
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